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Problem-solving skills, as a major component of mathematics curriculum, assist 
students to become equipped and competent individuals for the requirements of the 
century. The researcher used mixed method approaches to examine the relationship 
among in-service high school mathematics teachers’ backgrounds, beliefs, and skills 
about mathematical problem solving, and to analyze students’ approaches during 
problem-solving, and how they describe their problem-solving beliefs and their teachers’ 
mathematics instruction. Seven teachers and 91 students from one private and one public 
high school in the New York City area participated in the study. Both groups of 
participants completed belief questionnaires and mathematics activities which included 
problems with real-life contexts. Teachers also completed a background/opinion 
questionnaire. This study contributes deeper comprehension of the reasons behind 
developing problem-solving beliefs and skills.  
Statistical analysis did not reveal any significant correlation between teachers’ 
questionnaire responses and mathematics activity scores. However, working at these 
  
particular public and private school was an indicator of teachers’ belief scores, 
mathematics activity scores, and preferences of instructional methods. The qualitative 
analysis indicated that, for in-service teachers, taking problem solving courses in 
graduate school, participating in problem-solving related professional development 
activities, and enjoying freedom in the workplace to adopt more problem-solving 
centered instruction affected teachers’ problem solving skills and beliefs beneficially.  
The qualitative analysis of mathematics activities highlighted some common 
misunderstandings about certain mathematical contents and common approaches among 
students, such as performing random calculations with no apparent strategy, using wrong 
formulas, substituting erroneous numbers into equations. Also, most students experienced 
difficulties in understanding a problem and devising a plan to solve it. Although most 
students did not see themselves as strong problem solvers, they tended to stick with a 
problem until they solved it, tried new approaches, and were comfortable with making 
mistakes. Students generally showed agreement levels similar to those of their teachers 
for statements about looking back at answers, using different representatives, and 
encouraging different ways to solve the same problem. Students generally received lower 
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Need for the Study 
A deep understanding of the needs of the times is vital for determining the 
objectives and strategies of an education system. Häkkinen et al. (2017) highlighted 
important issues in education such as reforms, international comparisons, and preparing 
students with twenty-first century skills for their futures: 
   Many countries have commenced reforms in their educational systems as a 
result of international comparisons (e.g., PISA)….The challenge is to educate the 
next-generation as problem-solvers and communicators. As one of the main 
justifications for education is to prepare our students to enter the world equipped 
to cope with challenging and complex problems, it is also important that our 
educational systems incorporate the twenty-first century skills into curricula (p. 
35). 
 
Dede (2010) indicated that clarity about the nature of 21st-century skills is 
generally lacking. He compared four major international conceptual frameworks for 21st-
century skills and found that problem-solving was emphasized consistently with a 
different perspective than its meaning in the 20th century. Dede also stated that “in 20th-
century instruction, problem-solving skills are presented in an abstract form removed 
from their application to knowledge; this makes transfer to real-world situations difficult” 
(p. 3). In the 21st century, the objective of education shifted from “learning specific 
problem solving routines to match every situation” to “developing expert decision 
making and metacognitive strategies that indicate how to proceed when no standard 
approach seems applicable” (Dede, 2010, p. 3). In the United States, this new perspective 
  
2 
on problem-solving skills took place in the Principles and Standards for School 
Mathematics (Standard, 2000) as a major component of mathematics curriculum for all 
students (NCTM, 2000). The Common Core State Standards (2010) also emphasized the 
importance of problem-solving by underlining terms such as making sense of problems, 
persevering in solving them, reasoning abstractly, and modeling.     
Improving problem-solving skills have become one of the main goals and hurdles 
of current global educational reform. As one of the significant components of education, 
skillful teachers can make educational reforms more effective and fruitful. Brown (2003) 
asserted, “Since educators play a major role in the lives of today’s students and 
tomorrow’s adults, it becomes the responsibility of educators to help effect changes in 
curriculum and practice that will incorporate problem-solving and produce, in these 
future adults, the necessary problem-solving skills” (p. 31). Thus, it is highly important 
that teachers possess said problem-solving skills and are capable of contributing to the 
improvement of the same for their students. 
Teachers possessing problem-solving skills, however, is not solely enough to 
provide an effective learning environment in the classroom. Xenofontos and Andrews 
(2012) stated, “There is a growing acceptance that what teachers believe is a significant 
determiner of what gets taught, how it gets taught, and what gets learned in the 
classroom” (p. 72). According to Aguirre and Speer (1999), understanding the 
relationship between beliefs and practices may deepen our understanding of the teaching 
process. Thus, learning more about teachers’ beliefs regarding their own problem-solving 
skills may provide greater insight into their instructional choices.  
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Teachers’ problem-solving beliefs and skills have been examined by many studies 
which have been conducted with middle school mathematics teachers (Poetzl, 2007), 
high school mathematics teachers (Miller, 1996), pre-service elementary mathematics 
teachers (Brown, 2003; Baker, 2014), pre-service and in-service teachers (Banks, 2014), 
pre-service elementary teachers (Kayan, 2007; Çokçaliskan, 2012; Gür, 2013), and pre-
service elementary and middle school mathematics teachers (Demircioglu, Argun, & 
Bulut, 2010; Ozgen & Alkan, 2012; Kaya, Izgiol, & Kesan, 2014).  
In addition to research on teachers’ beliefs and skills, studies have focused on 
problem-solving beliefs, skills, and academic achievements of middle school students 
(Schommer-Aikins, Duell, & Hutter, 2005; Callejo & Vila, 2009; Prendergast, 2018), 
high school students (Pajares & Kranzler, 1995; Mason, 2003; Ozturk & Guven, 2016), 
and college students (Steiner, 2007; Perrenet & Taconis, 2009). 
It is critical to evaluate problem-solving skills thoroughly according to the 
expectations of the 21st century. Dede (2010) suggested the Programme for International 
Student Assessment (PISA) as one of the metrics for assessing problem-solving skills and 
notes that “the assessment is forward looking, focusing on young people’s ability to use 
their knowledge and skills to meet real-life challenges, rather than merely on the extent to 
which they have mastered a specific school curriculum” (p. 12). PISA is a triennial 
international test which aims to evaluate 15-year-old students’ performance in reading, 
science, and mathematics literacy by using problems in real-life contexts. Using real-life 
contexts in mathematics problems could improve students’ mathematical thinking more 
than merely rule-based instruction. The Common Core State Standards (2010) asserted 
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the issue as “mathematically proficient students can apply the mathematics they know to 
solve problems arising in everyday life.” 
In 2015, PISA applied an optional teacher questionnaire which provided 
information on teaching practices and learning activities in the classroom as well as 
information about teachers’ background and professional development activities. The aim 
was to collect valid and reliable measures for academic expectations and teacher 
enthusiasm. “The data gained with such measures correlates positively with student 
learning, learners’ engagement, and willingness to learn (Patrick et al., 2003; Turner et 
al., 1998)” (PISA 2015 Draft Questionnaire Framework). This new attempt indicates an 
endeavor to monitor students’ success from various perspectives. Opinions about PISA 
problems and mathematical literacy in PISA items have also been studied with 
elementary mathematics teachers (Altun & Akkaya, 2014) and middle school pre-service 
mathematics teachers (Kabael & Barak, 2016). 
As one of the prominent educators who contributed to the concept of problem-
solving in mathematics and mathematics education, Schoenfeld (1985) developed a 
theoretical framework to shed light on and give direction to research studies about 
problem-solving. In the framework, he claimed four domains that should be addressed by 
any research study intending to examine mathematical problem-solving: resources 
(mathematical knowledge), heuristics (strategies and techniques), control (decisions 
about planning and monitoring), and belief systems (mathematical worldviews of an 
individual that may determine his or her behavior). Literature shows that many studies 
examined problem-solving in these aspects. Most studies, however, focus on beliefs 
about problem-solving skills in life rather than beliefs about mathematical problem-
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solving skills. In studies about mathematical problem solving, the vast majority of 
participants were either pre-service teachers or elementary mathematics teachers. Only a 
few studies have analyzed high school teachers’ or students’ problem-solving skills and 
achievements. Furthermore, PISA’s new optional teacher questionnaire drew attention to 
the need for learning more about in-service teachers. Hence, the literature reveals the 
need for a study giving thorough consideration of in-service high school mathematics 
teachers’ and their students’ mathematical problem-solving beliefs and skills.  
Purpose of the Study 
The purpose of the study is to examine the relationship between high school 
mathematics teachers’ backgrounds, beliefs, and skills about mathematical problem 
solving. The study also aimed at analyzing students’ approaches and beliefs related to 
mathematical problem solving, and how students describe their teachers’ mathematics 
instruction.  
Research Questions 
The research questions of this study are: 
1. How do prior problem-solving experiences affect high school mathematics 
teachers’ problem-solving beliefs and skills? 
2. What are students’ approaches to solving PISA mathematics problems? 





In this study, the researcher adopted a mixed method and used a combination of 
quantitative and qualitative techniques. High school mathematics teachers and their 
students were the participants of this study. For teachers, the researcher used two 
questionnaires; one is about their educational and vocational backgrounds, and opinions 
on international standardized tests, and the other is about their mathematical problem-
solving beliefs. For students, a questionnaire on beliefs about mathematical problem-
solving was applied. The researcher assessed teachers’ and students’ problem-solving 
skills through mathematics activity, which includes mathematics problems with real-life 
contexts. More details about the participants, the instruments, the data collection, and the 
data analysis procedures follow.  
Participants 
The participants were high school mathematics teachers who taught 9th and 10th 
grades and the students of these teachers. The researcher collected data from seven 
teachers and 91 students in one public and one private high school in the New York City 
area.  
Data Collection Instruments 
The researcher used three data collection instruments in this study. The first was a 
background/opinion questionnaire used only for teachers. The second instrument was a 
problem-solving belief questionnaire. The researcher prepared two versions of this 
questionnaire, one for teachers and one for students. The last instrument was an activity 
which includes mathematics problems in real-life contexts, for both groups of 
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participants. Two peers who are studying doctoral programs in mathematics education 
and two experts in the mathematics education field examined the appropriateness and the 
clarity of the questions in the questionnaires and the activity. The following are the 
details about these instruments.  
The Background/Opinion Questionnaire (BOQ) (see Appendix B) has 28 
questions in four categories: background information, initial education and professional 
development, mathematics teaching practices, and opinions regarding education and 
international standardized tests. The questionnaire consists of multiple-choice questions 
as well as some open-ended questions which ask for a detailed explanation for the 
previous multiple-choice question. Completing the questionnaire took approximately 15 
minutes.  
The second instrument of this study is the two questionnaires designed to measure 
teachers’ and students’ beliefs about mathematical problem-solving. The Teachers’ 
Beliefs Questionnaire (TBQ) (see Appendix D) consists of 43 Likert-scale items in three 
categories which include statements about oneself, one’s mathematics instruction, and 
one’s students. The Students’ Beliefs Questionnaire (SBQ) (see Appendix F) consists of 
33 Likert-scale items in two categories which are statements about oneself and statements 
about one’s perception of how their teacher instructed them. Both questionnaires took 
approximately ten minutes.   
The third instrument of the study is the Mathematics Activity (MA) which 
includes real-life mathematical problems. The researcher chose four problems from PISA 
2012 main survey items and PISA 2012 field trial items (see Appendix G). The 
researcher adapted the multiple-choice questions among these four PISA items into an 
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open-response format that asks participants to show their thinking process and work. 
Completing this activity took approximately 40 – 50 minutes. 
Data Collection and Data Analysis 
 Data collection took place at different times for public and private high schools 
because of their schedules. In both settings, teachers completed the questionnaires and 
solved the mathematics activities at a previously scheduled date and time before their 
students participated in the study. Based on schools’ academic calendars and teachers’ 
experiences with the instruments, teachers suggested appropriate timeframes for their 
students to participate in the study.  
 Initially, the researcher analyzed the instruments one by one, both quantitatively 
and qualitatively, to provide background information about the participants and to explain 
statistical results in depth. She examined teachers’ Background/Opinion Questionnaire 
(BOQ) answers and portrayed teachers’ profiles according to different variables such as 
years at work, highest degrees earned, and mathematics teaching practices. Subsequently, 
she calculated the overall and sub-questionnaire scores for the belief questionnaires (the 
TBQ and SBQ) and calculated Mathematics Activity (MA) scores for both groups of 
participants. Tables including mean values and standard deviations for the TBQ, SBQ, 
and MA scores were created. She also studied the common approaches and 
misunderstandings for MA answers. Later, she answered research questions by 
combining and comparing these results.  
To address the first research question, which asks for the influence of problem-
solving backgrounds of in-service high school mathematics teachers on their problem-
solving beliefs and skills, the researcher combined all three instruments answered by the 
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teachers. First, the researcher highlighted the differences among these teachers by giving 
excerpts from their answers for the open-ended questions in the BOQ. She tried to build 
relationships between the TBQ and MA scores and teachers’ educational and vocational 
backgrounds. She presented these connections through tables and figures. She also 
studied the tendency of the problem-solving approaches they used in the MA. Moreover, 
she examined the TBQ items to look for significant differences among teachers. She 
attempted to explore possible reasons for these differences by analyzing them in the 
context of the BOQ answers.  
To address the second research question, which asked about students’ approaches 
to solving PISA mathematics problems, the researcher examined students’ Mathematics 
Activity (MA) papers and grouped the common misunderstandings, unusual solutions 
and explanations for each question.  
To address the third research question, which asked about how students describe 
their problem-solving beliefs and their teachers’ mathematics instruction, the researcher 
analyzed Students’ Beliefs Questionnaires (SBQ) and prepared frequency tables for the 
statements about students’ mathematical problem-solving beliefs. Moreover, the 
researcher examined the common statements in the sections about mathematics 
instruction of the TBQ and SBQ, and compared students’ answers with their teachers’ 
answers. Lastly, the researcher calculated the mean scores and standard deviations of 
students’ beliefs questionnaire scores and mathematics activity scores for each teacher, 
and provided a table showing these scores to present the comparison of the scores 







 Problem-solving has always been very important in everyday life—not just in 
mathematics, but in all areas. Societies need individuals with outstanding problem-
solving skills who can combine knowledge and technology to produce solutions for 
everyday life and the future. People have to deal with increasingly complex problems 
since computers now perform many of the simpler calculations. Tackling a problem, 
whether mathematical or not, includes the skills of researching information, consolidating 
information with experience, developing different solution methods, choosing the best 
option and being able to justify one’s choices (Poetzl, 2007). To instill these skills in 
students, problem-solving has been one of the effective features of mathematics 
education (Otten, 2010). 
 In this chapter, the research is broken up into several main topics. The chapter 
begins with what problem and problem-solving means from a mathematical perspective, 
how problem-solving develops in mathematics education, and how it has become a 
prominent mathematics curriculum factor in the U.S. Then the researcher examined 
studies surrounding teachers’ and students’ mathematical problem-solving beliefs and 
skills, respectively. Moreover, academic achievement through the lens of problem-
solving beliefs and skills was examined. In an international scale, the researcher also 
investigated how international standardized mathematics tests, specifically the 
Programme for International Student Assessment (PISA), approached problem-solving to 
evaluate students’ achievement. The researcher summarized the themes discussed in the 
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chapter, pointed to the connections between them, and drew attention to the gap found in 
the literature.   
Problem Solving 
 Problem-solving has been studied in academia for years. Many studies examined 
problem-solving from a psychological perspective and investigated people’s skills and 
approaches toward real-life problems. From a mathematical perspective, research into 
problem-solving attracted great attention in the 1970s and 1980s but somewhat 
diminished in the mid-1990s (Schoenfeld, 2007). Lester (1994) summarized the change 
in the emphasis on problem-solving research between 1970 and 1994: initially, the 
research was designed to identify the characteristics of difficult problems, to characterize 
successful problem solvers, and to investigate methods of training students to use 
problem-solving heuristics (p. 664). Between 1970 and 1994, research altered its focus by 
emphasizing a comparison between successful and unsuccessful problem solvers, the 
effects of beliefs on problem-solving, metacognition, and the effects of social contexts on 
problem-solving. The methodologies of the research also shifted from quantitative, 
statistical analysis, to case studies, and later to ethnographic studies (Lester, 1994, p. 
664).  
 In this section, definitions of problem and problem-solving, problem-solving 
strategies, and the place of problem-solving in the curriculum were given. 
Problem and Problem-Solving from a Mathematical Perspective 
 David Hilbert (1900), the famous mathematician who influenced the direction of 
mathematical research in the 20th century, claimed of mathematicians, “We feel within us 
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the perpetual call: There is a problem. Seek its solution” (p. 445). Another prominent 
mathematician, Paul Halmos (1980) stated that, “the mathematician’s main reason for 
existence is to solve problems” (p. 519). The common gist is that problem-solving is at 
the center of any mathematical activity. However, one may come across various 
definitions of the terms “problem” and “problem-solving” in the literature. 
Many researchers explained that a “problem” differs from a routine exercise of 
some mathematical skill. Polya (1957) emphasized the distinctions between authentic 
problems and routine problems. He defined “routine problems” as tasks that “can be 
solved either by substituting special data into a formerly solved general problem, or by 
following step by step, without any trace of originality, some well-worn conspicuous 
example” (Polya, 1957, p. 171). On the other hand, Krulik and Rudnick (1980) defined 
“problem” as “a situation, quantitative or otherwise, that confronts an individual or group 
of individuals, that requires resolution, and for which the individual sees no apparent or 
obvious means or path to obtaining a solution” (p. 3). Schoenfeld (1985) defined 
‘problem’ as a relationship between an individual and a mathematical task and ‘problem 
solving’ as “a situation which occurs from the experiences of the students” (Yavuz & 
Erbay, 2015, p. 2688). According to Grouws (1996), a ‘problem’ was “a situation where 
something is to be found or shown and the way to find or show it is not immediately 
obvious” (p. 72). These definitions make clear the need for a challenge if something is to 
be called a ‘problem’.  
‘Problem-solving’ also has multiple meanings. Problem-solving, “in the spirit of 
Pólya, is learning to grapple with new and unfamiliar tasks when the relevant solution 
methods (even if only partly mastered) are not known” (Schoenfeld, 1992, p. 56). 
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Wheatley (1984) defined “problem-solving” in a general way as “what you do when you 
do not know what to do” (p. 2), while McLeod (1985) gave a more specific definition of 
problem-solving in mathematics as “student performance on mathematical tasks where 
the solution or goal is not immediately attainable and there is no obvious algorithm for 
the student to use” (p. 267). These definitions can be briefly summarized: “It’s not just 
what you know; it is how, when, and whether you use it” (Schoenfeld, 1992, p. 60). 
Considering the literature and research, the National Council of Teachers of 
Mathematics (NCTM) (2000) also encouraged problem-solving in practice and offered a 
definition for “problem,” which is expected to be the subject of the problem-solving 
process, as “a task for which the solution method is not known in advance” (p. 52).  
Furthermore, the council defined problem-solving as “developing a deep understanding 
of concepts and methods by trying of problematic tasks where the mathematics to be 
learned is embedded” (NCTM, 2000, p. 270). 
 Stanic and Kilpatrick (1988) identified three main themes about the usage of 
problem-solving: “problem-solving as context” in which problems are used to achieve 
other curricular goals; “problem-solving as skill” in which solving mathematical 
problems is valued in its own right rather than making one a better problem solver, and 
where students need to show different levels of problem-solving skill to solve routine and 
non-routine problems; and “problem-solving as art” which Stanic and Kilpatrick see as 
“the most defensible, the most fair, and the most promising” (p. 17) of the three themes. 
Perhaps viewing problem-solving as art gets closer to an understanding of what 
mathematics really is.  
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Problem-Solving Strategies  
 The mathematics education community became acquainted with the term 
“heuristic” through Polya’s (1973) book, How to Solve It. According to Polya’s 
definition, heuristics is the “study of means and methods of problem solving” (Polya, 
1962, p. x) and refers to experience-based strategies, such as guess and check, draw a 
picture, look for a pattern, and work backward. In his book, Polya (1973) also 
enumerated what he called “the four phases of the problem solving process” which are 
understanding the problem, making a plan, carrying out the plan, and looking back. These 
stages profoundly influenced the problem-solving framework in U.S. textbooks in which, 
however, the steps were portrayed in a less flexible structure than what appeared in 
Polya’s writing (Wilson, Fernandez, & Hadaway, 1993).  
The theoretical framework developed by Schoenfeld (1985) pointed out four 
domains that should be focused on in any research study about mathematical problem 
solving: resources, heuristics, control, and belief systems. Studies of problem-solving 
behaviors indicated that students’ use of heuristics was positively correlated with their 
performance on problem-solving tests even though the effects were relatively small 
(Kantowski, 1977; Kilpatrick, 1967; Lucas, 1974). Furthermore, a collection of heuristics 
and content knowledge are not, by themselves, enough during the problem-solving 
process since students must decide which heuristic and content knowledge they will use 
and how they should combine the two or develop new ones to solve the problem (Wilson, 
Fernandez, & Hadaway, 1993). Schoenfeld’s framework showed that belief systems and 
control are necessary components of problem-solving skills besides heuristics and content 
knowledge.   
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Problem Solving in the Curriculum 
 As emphasized earlier, problem solving lies at the heart of the study of 
mathematics. Acquired skills that come with problem solving, such as flexibility and 
metacognitive control, help students become better prepared for many aspects of their 
lives after school (Otten, 2010). Thus, developing the ability to solve problems has 
become a primary goal of mathematics teaching and learning. 
 Despite the difficulties of implementing problem solving in classrooms 
effectively, “there is much evidence to suggest that a focus on problem solving has 
benefits in many areas: problem-solving supports students’ mathematical learning of both 
concepts and procedures, accurately reflects what it means to do mathematics…” (Otten, 
2010, p. 17). Consequently, problem solving has been a constant element of mathematics 
education policies for the past three decades and will possibly remain so for decades to 
come.  
 Since the 80s, problem solving has been a concern for mathematics curricula in 
the U.S. First, in 1980, the National Council of Teachers of Mathematics asserted that 
problem solving should be the initial focus of mathematics instruction (NCTM, 1980). In 
the 90s, the Council declared the same commitment by ranking problem solving as the 
top priority of mathematics education in Everybody Counts (NRC, 1989) and in the 
Curriculum and Evaluation Standards for School Mathematics (NCTM, 1989). Research 
on problem solving increased as a result of this continual focus on problem solving. 
Some were about problem solving instruction (e.g., Carey, 1991; Duren & Cherrington, 
1992; Kloosterman, 1992; Proudfit, 1992) and some were about the instructional 
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techniques that promote problem solving achievement (e.g., Kroll, Masingila, & Mau, 
1992; Maher & Martino, 1992; Silverman, Winograd, & Strohauer, 1992). 
 The fashion of prioritizing problem solving in mathematics education has 
continued in the following decades. Standards and Principles for School Mathematics 
emphasized “student understanding of underlying conceptual knowledge that is linked to 
the factual knowledge and procedural fluency” (Lui & Bonner, 2016, p. 3). Thirty years 
after the publication of the Agenda for Action (NCTM, 1980), whose first 
recommendation was that “problem solving must be the focus of school mathematics” (p. 
2), the Common Core State Standards Initiative (2010) has also called for a reform and 
elevated problem solving in school mathematics instruction by stating it as the first of 
their “standards for mathematical practice” (p. 6).  
Mathematical Problem-Solving Beliefs  
 Mathematical beliefs are defined as values constituted of individuals’ past 
experiences (Raymond, 1997). “The assumption of some connection between beliefs and 
behaviors” (Wilson, Fernandez, & Hadaway, 1993) has led to the investigation of 
students’ and teachers’ beliefs about mathematics problem solving. Research showed that 
beliefs affect students’ and teachers’ mathematical behaviors, attitudes, and performances 
(Pajares, 1992; Thompson, 1992; Kloosterman & Stage, 1992; Schommer-Aikins, Duell, 
& Hutter, 2005).  
Different scales were developed to measure the extent to which students believe 
mathematics is useful (Fennema & Sherman, 1976), and to measure “beliefs which are 
related to motivation and thus achievement on mathematical problem-solving” 
(Kloosterman & Stage, 1992, p. 109). The Indiana Mathematics Belief Scale, developed 
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by Kloosterman and Stage (1992), was one of the most-used scales which includes thirty 
items, six in each five sub-scales: “I can solve time-consuming mathematics problems,” 
“There are word problems that cannot be solved with simple, step-by-step procedures,” 
“understanding concepts is important in mathematics,” “word problems are important in 
mathematics,” and “effort can increase mathematical ability” (Kloosterman & Stage, 
1992, p. 115). Another commonly used scale was developed by Fennema-Sherman 
(1976) and it included six items about beliefs in the usefulness of mathematics. 
Schoenfeld (1992) stated that there is a broad body of literature on student beliefs, 
reasonable but increasing literature on teacher beliefs, but only a small body of literature 
on beliefs about doing mathematics itself. 
Students’ beliefs. There is a fairly extensive body of literature on student beliefs 
about doing mathematics. Some examined students’ beliefs about how they perceive 
themselves as learners; some studied students’ perceptions about what mathematics is; 
and some investigated the beliefs affecting mathematics performance and achievement.  
Studies showed that many students are inclined to view mathematics as a set of 
rules, learning mathematics as memorizing, problem solving as following and applying 
the rules and getting an answer through that one particular correct way as quickly as 
possible (NAEP, 1983; Silver, 1985; Lampert, 1990; Wilson, Fernandez, & Hadaway, 
1993).  
Kloosterman (1988) and Malmivuori and Pehkonen (1997) showed that students’ 
motivations to learn how to solve mathematical problems are related to students’ beliefs 
about their ability to solve time-consuming mathematics problems, their beliefs about the 
usefulness of mathematics in everyday life, and their beliefs in the importance of 
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increasing their mathematics ability. Moreover, Garofalo (1989) summarized other 
students’ beliefs affecting mathematical performance:  
1. The difficulty of a mathematics problem is due to the size and quantity of the 
numbers.  
2. All problems can be solved by performing one arithmetical operation, in rare 
cases two.  
3. The operation to be performed is determined by the keywords of the problem, 
usually introduced in the last sentence or in the question, thus it is not necessary 
to read the whole text of the problem.  
4. The decision to check what has been done depends on how much time is 
available.  
Mason (2003) presented Schoenfeld’s revelation about students’ beliefs in these 
words: “Students’ beliefs about what is useful in learning mathematics affects the 
cognitive resources available to them when learning in this domain, making a large 
portion of stored information inaccessible when the beliefs impede rather than facilitate 
understanding” (p. 74). In her study investigating the relationship between mathematics 
beliefs and achievements, Mason (2003) applied the Indiana Mathematics Belief Scale 
and Fennema-Sherman Usefulness Scale to almost 600 students at an Italian high school 
and interviewed 24 of them to explore the reasons behind their ratings in the scales. Her 
study showed that the strongest predictor of mathematics achievement was the belief 
regarding perceived ability to solve time-consuming problems. Unexpectedly, belief in 
the value of effort to improve mathematical ability did not predict students’ achievement. 
Based on her interview results, she concluded that belief in understanding why a 
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particular algorithm works (but not simply applying it), and belief that time-consuming 
problems can be solved by working at them are essential for students when they come 
across nonroutine tasks. She suggested an in-depth investigation of the reasons 
underlying students’ belief systems with a larger sample.  
 Schommer-Aikins, Duell, and Hunter (2005) examined 1200 middle school 
students’ general epistemological beliefs and mathematical problem-solving beliefs to see 
whether these belief systems are related and whether they predict mathematics 
achievement. In their quantitative study, they used an Epistemological Questionnaire, 
Indiana Mathematics Belief Scale, and Fennema-Sherman Usefulness of Mathematics 
Scale. The regression analysis showed that the two belief systems were significantly 
related, while path analysis suggested that both belief systems were predictors of 
mathematics achievement. 
In the case study of Callejo and Vila (2009), two middle school students were 
selected based on their high academic performance in a previous exploratory study. The 
researchers investigated students’ approaches to problem solving and found that there 
was no causal relationship between students’ belief systems and problem-solving 
activities.  
Perrenet and Taconis (2009) investigated the changes in mathematical problem-
solving beliefs and behaviors of students during their college years. The study showed 
that there are significant shifts such as the growth of the belief that problem solving was 
not only routine but had many productive aspects. Moreover, the changes in beliefs and 
behaviors were towards their teachers’ beliefs and behavior which were measured using 
the same questionnaire. The students explained the reason for the changes as a result of 
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the nature of the mathematics problems encountered at university compared to the ones at 
high school.  
Öztürk and Güven (2016) evaluated the beliefs of five high school students 
according to their explanations of the problem-solving process. The result of this case 
study showed that students who thought problems should be solved quickly by using the 
memorized rules also believed that problem solving is difficult. They suggested a similar 
study with a larger sample so the results could be generalized. Another suggestion was to 
conduct similar studies with students from different cultures to examine whether there is 
a difference among students’ beliefs and explanations because of the cultural differences. 
Prendergast et al. (2018) investigated almost a thousand secondary school 
students’ beliefs about mathematical problem solving by using the Indiana Mathematics 
Belief Scale. Statistical analysis revealed that older students held a stronger belief that not 
all problems could be solved by applying routine procedures. However, the same students 
held less positive beliefs than their younger counterparts that they could solve time-
consuming problems, and that conceptual understanding was important.   
Teachers’ beliefs. Over the past few decades, researchers have been studying the 
beliefs of pre-service and in-service elementary and secondary teachers of different 
content areas. Teachers’ beliefs determine the nature of the classroom atmosphere that 
teachers create (Schoenfeld, 1992). Many studies showed that teachers’ beliefs are 
important factors in organizing classroom environments and teaching practices 
(Thompson, 1992; Cady, Meier, & Lubinski, 2006; Philipp, 2007), and that they affect 
both students’ beliefs about mathematics and their achievements (Grouws, 1996; 
Schoenfeld, 1992; Wilkins & Brand, 2004; Frykholm, 2003; Kayan & Cakiroglu, 2008; 
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Lloyd & Wilson, 1998). Moreover, empirical research suggests that “the nature of 
teachers’ experience, background, and knowledge influence their beliefs (Philipp et al., 
2007; Thompson, 1992)” (Lui & Bonner, 2016, p. 4). 
 Adnan, Zakaria, and Maat (2012) examined the mathematical beliefs, conceptual 
knowledge, and mathematical experience among pre-service teachers. They developed a 
measurement model for these three constructs, and their analysis revealed a weak 
relationship between the combination of every two among these three variables. Based on 
the results of their study, they suggested that “more studies should be conducted to 
investigate mathematical beliefs, conceptual knowledge and mathematical experience, 
particularly using a quantitative approach” (p. 1718). Their results correspond with 
Willcox-Herzog’s study (2002) illustrating no significant relationship between beliefs 
and teaching practices in a mathematics classroom. On the other hand, Quillen’s study 
(2004) showed that there is a significant relationship between mathematics beliefs and 
mathematics content knowledge, and between mathematics beliefs and mathematics 
experience.  
 Lui and Bonner (2016) compared the beliefs of in-service and pre-service primary 
school mathematics teachers and found that both groups support constructivist beliefs 
about teaching and learning more than traditional beliefs. However, they found “a 
negative correlation between constructivist beliefs and overall accuracy in mathematics 
problem-solving” (Lui & Bonner, 2016, p. 8). 
 Mason (2003) cited many research studies which showed that “teachers have a 
remarkable influence on students’ construction of their beliefs through the ways in which 
they present the subject matter, the kinds of tasks they set, assessment methods, 
  
22 
procedures and criteria (Pehkonen, 1998; Pehkonen & Törner, 1996; Törner, 1998)” (p. 
83). Given that teachers’ beliefs influence students’ beliefs through their practice, both 
teacher training programs and professional development programs for in-service teachers 
should encourage them to monitor themselves, alter their convictions, and apply different 
approaches in classroom practice (Franke, Fennema, & Carpenter, 1997). Moreover, the 
emphasis on effective problem-solving instruction in teacher training and professional 
development programs could provide students an opportunity to reflect on their learning 
process in a systematic and constructive way (Wilson, Fernandez, & Hadaway, 1993). 
Brown (2003) examined elementary mathematics teachers’ attitudes toward 
problem-solving, beliefs about problem-solving, and abilities to solve problems 
quantitatively by using the Mathematical Problem Solving Attitude Scale developed by 
Whitaker (1976) and the Indiana Mathematics Belief Scale developed by Kloosterman 
and Stage (1992), as well as examining attitudes qualitatively by interviewing the 
participants. The results of her study showed that teachers held generally positive beliefs 
about problem-solving, yet ironically had poor problem-solving skills. 
Poetzl (2007) tried “to examine the effects of participating in a multi-year 
mathematics professional development program focused on problem solving on middle 
school teachers’ conceptions of problem solving, reported problem solving instructional 
practices, and beliefs about students’ abilities to engage in problem solving” (p. xiii). Her 
findings showed that teachers’ beliefs about problem solving shifted after the 
professional development project. Moreover, teachers tended to provide more 
opportunities for their students to engage in problem solving, and thus, they learned more 
about their students’ abilities.  
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Problem Solving and Mathematics Instruction  
As a method of teaching, problem solving can serve in two ways: one is to 
accomplish the instructional goal of learning basic facts and procedures and the second is 
to introduce new concepts through exploration and discovery, as well as creation and 
refinement of an algorithm towards solving a problem (Wilson, Fernandez, & Hadaway, 
1993). Open ended problems provide an opportunity to explore a sequence of problems 
within a context.  
Polya (1973) stated that mathematics teachers have a great opportunity to 
challenge the curiosity of students by preparing the appropriate problems and unveiling 
their knowledge by stimulating questions (p. v). Thus, teachers may promote their 
students’ independent thinking. Schoenfeld (1990a) set two main goals for mathematics 
instruction: providing students with a wide spectrum of problems, including open-ended 
problems as well as routine exercises, and assisting students to communicate clearly and 
coherently by using the language of mathematics. Combining these two perspectives, one 
could say that mathematical language usage is an effective indicator in comprehending 
students’ knowledge and thinking processes.  
For students to be able to use the language of mathematics effectively, Schoenfeld 
(1992) suggested changes both in curricular content and instructional style in which the 
focus should be on: 
• seeking solutions, not just memorizing procedures; 
• exploring patterns, not just memorizing formulas; and 
• formulating conjectures, not just doing exercises (p. 2). 
The report of the National Research Council (NRC) (as cited in Otten, 2010) 
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emphasized that without the confidence of finding and using the appropriate 
mathematical tools whenever they become necessary, the memorization of mathematical 
skills would not be important in the long run. Building this confidence is highly 
correlated with the process of creating, constructing, and discovering mathematics 
through efficient mathematics instruction.  
 Wilson, Fernandez, and Hadaway (1993) prioritized the role of teachers in terms 
of making problem solving a remarkable part of mathematics instruction, compared to 
many others who call for a change in curriculum and restructure textbooks and materials. 
They suggested that mathematics teachers should construct the context for problem 
solving to bloom and emphasized that “the first one in the classroom to become a 
problem solver must be the teacher” (Wilson, Fernandez, & Hadaway, 1993, p. 19). 
 Burkhardt (1988) summarized, in three respects, why teaching problem solving is 
hard for teachers. First, teaching problem-solving is mathematically hard because 
teachers must understand the implications of the students’ distinct approaches, whether 
they may be an effective path to the solution. Second, pedagogically, teachers must 
determine when and how to intervene and what kind of suggestions to give to students 
during their solution process. On a personal level, teachers should also have the 
confidence and self-awareness to know that sometimes they will be dealing with 
problems without knowing all the answers. These three aspects point out the necessity of 
investigating the relationship between teachers’ instructional practices and their problem-
solving skills and beliefs. 
 Zambo (1996) examined the beliefs and practices in mathematical problem- 
solving instruction of 744 K-8 teachers. Considering the available scales in the literature, 
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he developed a new questionnaire consisting of statements on teachers’ beliefs about 
problem-solving instruction, self-assessment of their own problem-solving skills, and 
assessment of their students’ problem-solving skills. His study showed that teachers 
tended to agree with what is recommended and disagree with what is not recommended 
by the National Council of Teachers of Mathematics concerning instructional strategies 
and beliefs about problem solving. Zambo (1996) suggested that a focus on open-ended 
problems might increase students’ interest in mathematical problem solving (p. 82).  
On the other hand, one of the biggest challenges to face cultivating problem-
solving in classrooms are the assessment practices (Wilson, Fernandez, & Hadaway, 
1993). The assessment methods should be revised to integrate and implement problem 
solving in the curriculum, and to encourage teachers to promote problem solving in their 
classrooms. Using open-ended questions more often in the assessment practices might be 
a solution to overcoming this challenge.  
Mathematical Problem-Solving and Academic Achievement 
 Researchers investigated academic achievement and its relation to problem 
solving both quantitatively and qualitatively.  
Schommer-Aikins, Duell, and Hutter (2005) examined the relationship between 
mathematical problem-solving beliefs and academic achievements of middle school 
students quantitatively. They developed the Mathematics Problem-Solving Beliefs Scale, 
which is a combination of the Indiana Mathematical Belief Scale and the Fennema-
Sherman Usefulness Scale to measure students’ beliefs. To measure problem-solving 
skills, students were asked to solve two mathematical problems by showing their work 
and explaining the rationale behind their thinking. The results of their study suggested 
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that mathematical beliefs might play a role in students’ problem-solving performances, 
similar to the findings of previous studies with older age groups.  
 At the 12th International Congress on Mathematics Education (ICME 2015), some 
studies relied on statistical analyses to compare students’ problem-solving performances, 
mostly by emphasizing the use of pre and post tests before and after receiving different 
problem-solving instructions.  Schoenfeld (1989d) showed that problem-solving 
instruction increased problem-solving success, decreasing the percentage of those who 
adopt the attitude: “jump into a solution attempt and pursue it no matter what” from 60 
percent to 20 percent.   
In many qualitative studies, asking participants to talk aloud while solving 
problems or interviewing with them as they reflect on their experiences are common 
methods to gaining a deeper understanding of their thinking processes (Wilson, 
Fernandez, & Hadaway, 1993; Miller, 1996; Brown, 2003; Poetzl, 2007; Callejo & Vila, 
2009; Öztürk & Güven, 2016). 
Problem Solving and PISA 
The Programme for International Student Assessment (PISA), which is managed 
by the Organisation for Economic Co-operation and Development (OECD), is a triennial 
standardized test for 15-year-old students in over 70 countries since 2000. The PISA test 
aims to measure how well students can apply their knowledge and skills to real-life 
problems (OECD, 2016). The test mainly covers mathematics, science, and reading; 
however, new areas, such as financial literacy and collaborative problem-solving were 
recently added to the test to observe and examine “how well-prepared students are to 
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confront – and solve – the kinds of problems that are encountered almost daily in 21st-
century life” (OECD, 2014, p. 1). Besides the academic content of the test, the 
programme has been gradually integrating questionnaires for school principals, students, 
and teachers to understand what factors might influence students’ achievement.  
Focus Area of PISA Test 
Every three years, the programme declares one focus area for each administration. 
Alongside the general international comparative results in all areas, PISA releases 
detailed reports on the area of focus for each country. In these extensive reports, the 
reasons behind the results are examined in various aspects such as gender, socio-
economic status, immigration status, educational trajectory, and top/bottom 
performances. The trial and main test items of the focus area are also shared with the 
public for their review and use. Table 1 shows the focus areas of the last three PISA tests. 
Table 1. Focus Areas of the Last Three PISA Tests 
Year Focus Area 
PISA 2012 Mathematics 
PISA 2015 Science 
PISA 2018  Reading 
 
The focus area of PISA 2021 will again be mathematics. Since 2012, more 
questionnaires were added into the system, and the results of PISA 2021 might provide a 
more profound analysis for mathematics teaching and the learning process, along with the 
factors affecting this process. 
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PISA and Mathematics 
The PISA assessment measures “how effectively countries are preparing students 
to use mathematics in every aspect of their personal, civic and professional lives, as part 
of their constructive, engaged and reflective citizenship” (OECD, 2013, p. 23) 
The PISA tests are not directly linked to school curriculum, but instead group the 
mathematical content into four categories: quantity, uncertainty and data, change and 
relationships, and space and shape. Real-world contexts are categorized as personal, 
societal, occupational, and scientific, while “the verbs ‘formulate,’ ‘employ,’ and 
‘interpret’ point to the three processes in which students as active problem solvers will 
engage” (OECD, 2013, p. 25). 
In PISA 2012 (OECD, 2013), mathematical literacy is defined as: 
   Mathematical literacy is an individual’s capacity to formulate, employ, and 
interpret mathematics in a variety of contexts. It includes reasoning 
mathematically and using mathematical concepts, procedures, facts and tools to 
describe, explain and predict phenomena. It assists individuals to recognize the 
role that mathematics plays in the world and to make the well-founded judgments 
and decisions needed by constructive, engaged and reflective citizens (p. 25). 
 
Figure 1 shows the model of mathematical literacy in practice, which is “a central 
aspect of the PISA conception of students as active problem solvers” (OECD, 2013, p. 




Figure 1. A Model of Mathematical Literacy in Practice 
 
 OECD (2013) notes that some parts of the Figure 1 can be undertaken by others, 
and in some cases only some steps can be used, but not all of them. For this reason, many 
PISA items include only parts of the cycle.  
PISA and the Student Questionnaire 
The non-academic part of PISA 2012 included a student background 
questionnaire “in which they provided information about themselves, their homes and 
schools, and their experiences at school and in mathematics classes” (OECD, 2016, p. 3), 
particularly, gathered information about students’ learning strategies and teaching 
practices they said their teachers used. Combining students’ answers on the student 
questionnaire with their results on the mathematics assessment allowed the PISA analysts 
to examine how certain teaching and learning strategies are related to student 
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performance in mathematics. Based on these combined analyses, PISA released a report 
and helped teachers receive constructive feedback, guiding them to create better teaching 
and learning experiences for students. The report addresses several issues, such as which 
mathematics teaching strategies are more effective, whether a teacher should emphasize 
how mathematical concepts are applied in the real world, or whether a teacher should be 
concerned about his/her students’ attitudes towards mathematics.   
PISA and the Teacher Questionnaire 
The Teaching and Learning International Survey (TALIS), which is also managed 
by OECD and applied every five years, is “an international, large-scale survey of 
teachers, school leaders and the learning environment in schools,” and aims at 
“generating internationally comparable information relevant to developing and 
implementing policies focused on school leaders, teachers and teaching, with an 
emphasis on those aspects that affect student learning” (“What is TALIS?”, n.d.). The 
first cycle of TALIS was conducted in 2008 in 24 countries, and the second cycle was 
conducted five years later with 34 participants.  
In 2013, collaboration took place between TALIS and PISA by including teachers 
and school leaders who had participated in PISA 2012, thus broader data were analyzed. 
Data from the TALIS 2013 teacher survey showed that teachers who collaborate with 
colleagues have higher levels of job satisfaction and confidence in their skills and make 
changes in their teaching strategies, which can even influence student performance. 
Considering these further contributions, PISA developed its own teacher questionnaire 
and applied it for the first time in cycle 2015 as an optional survey. The main difference 
between the teacher questionnaires prepared by PISA and TALIS is that the PISA teacher 
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questionnaire focuses more on the subject. Since the focus area of PISA 2015 was 
science, the survey mostly contained questions related to science education besides 
general background questions. In 2021, PISA declared the area of focus as mathematics, 
and thus, the teacher questionnaire will compromise questions about mathematics and 
mathematics education.  
At the launch of the PISA 2021 Mathematics Framework, the director for 
education and skills, Andreas Schleicher, exemplified teachers’ questionnaire results 
from PISA 2018: Teachers work more but teach less in Shanghai, they spend more time 
with their colleagues to do research and create new methods, while in the UK teachers 
teach more. This finding might be a remarkable indicator of the difference between the 
rankings of these countries. He also reminded that PISA provides student data 
accumulatively. This accumulative result might make it harder to follow the connection 
between teachers and their students even though the findings from the teacher 
questionnaire shed some light on the possible reasons for the rankings of countries. 
Researchers also examine international tests and present their conclusions at 
conferences. Santos-Trigo and Gooya (2015), stating seven contributions at the 12th 
International Congress on Mathematics Education (ICME 2015), also addressed that the 
analyses of problem-solving performances of students have consistently shown high 
achievement in international assessments.  
Summary 
The literature shows that problem solving has been studied for decades in so 
many perspectives. Earlier, most studies generally focused on beliefs about problem 
  
32 
solving in life rather than beliefs about mathematical problem-solving skills. With the 
growing focus on mathematical problem solving, the researchers developed scales to 
measure related beliefs.  
Students’ beliefs and their effects have been investigated quantitatively and 
qualitatively with different age groups by considering various aspects like problem 
solving, epistemology, and academic achievement. Moreover, teachers’ beliefs have been 
studied many times with different aspects and approaches. The majority of participants in 
these studies, however, were pre-service teachers or elementary mathematics teachers. 
Here, a lack of studies with in-service high school teachers grabs attention.  
 Studies also showed that effective problem-solving instruction, in which teachers 
provide students opportunities to reflect upon their solutions systematically and 
constructively (Wilson, Fernandez, & Hadaway, 1993), is necessary to improve students’ 
problem-solving skills. Nevertheless, only a few studies have analyzed teachers’ or 
students’ problem-solving skills and achievements at the secondary school level. Thus, it 
is crucial to examine which methods teachers use to improve students’ problem-solving 
skills and how they apply these methods.  
Furthermore, PISA’s new optional teacher questionnaire draws attention to the 
need for learning more about in-service teachers. The results of the questionnaires allow 
controlling teachers’ information as one of the main reasons behind students’ problem-
solving skills and their accumulative ranking scores. Since teachers do not take the PISA 
test and PISA presents the data accumulatively, it is also impossible to examine teachers’ 
and their students’ solutions and approaches for PISA test items. Therefore, a study in 
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which PISA mathematics problems were given to participants might be beneficial in 
providing more insight about teachers’ and students’ approaches to PISA problems. 
Another remarkable aspect in the literature related to problem solving is that the 
researchers conducted mostly quantitative studies in which belief scales were applied to 
many students, as well as a few qualitative studies in which interviews with few 
participants were the primary data source. Thus, the combination of these methods might 
provide more detail about teachers’ and students’ problem-solving beliefs and skills.  
Hence, among the relevant literature there is room for a mixed-method study 
among in-service high school mathematics teachers and their students to examine their 

















 The primary purpose of this mixed-method research study was to examine high 
school mathematics teachers’ backgrounds, beliefs, and skills related to mathematical 
problem-solving, as well as the relationship between these three attributes. This study 
further aimed at analyzing students’ approaches and beliefs related to mathematical 
problem-solving, and their description of how they perceive their teachers’ mathematics 
instruction. To achieve its purposes, the study aimed at answering the following research 
questions: 
1. How do prior problem-solving experiences affect high school mathematics 
teachers’ problem-solving beliefs and skills? 
2. What are students’ approaches to solving PISA mathematics problems? 
3. How do students describe their problem-solving beliefs and their teachers’ 
mathematics instruction? 
 This chapter presents a description of the research design and the appropriate 
methods used in this study. Further information regarding the participants and the setting, 
methods for data collection, data analysis, and limitations are provided.  
Research Design 
 The study investigated teachers’ and students’ problem-solving skills and beliefs 
through a mixed-method approach, which “incorporates elements of both qualitative and 
quantitative approaches” (Creswell, 2014, p. 3). Given that this research study sought to 
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examine and deepen the understanding of the relationship between different aspects of a 
phenomenon through multiple data sources, mixed methods helped with gaining a “more 
complete understanding of a research problem than either [qualitative or quantitative] 
approach alone” (Creswell, 2014, p. 4).  
 This study adopted convergent parallel mixed methods to address its research 
questions. For this study, the researcher adopted Creswell’s (2014) definition of 
convergent parallel mixed methods: “Convergent parallel mixed methods is a form of 
mixed methods design in which the researcher converges or merges quantitative and 
qualitative data in order to provide a comprehensive analysis of the research problem” (p. 
15) (see Figure 2). Creswell (2014) also stated that the collection of both forms of data 
happens at about the same time, and then the researcher combines the information and 
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 Considering the target population and the mathematical content of the PISA test, 
the researcher was particularly interested in mathematics teachers who teach in 9th and 
10th grades, and their students in these grades.  
 An invitation was sent to the principals and Mathematics Department chairs of 70 
public and private high schools in New York City. These high schools were chosen by 
convenience sampling. Out of these 70 schools, only two, one private and one public high 
school, agreed to participate in this study.  
The private high school is part of an independent K-12 school for girls in New 
York City. According to the descriptive data obtained from the school’s website, a little 
over 14% of its K-12 population of over 500 female students are persons of color. Eighty-
eight percent of the faculty hold advanced degrees and the student-faculty ratio is 7:1. 
The tuition at the school for the 2019 – 2020 academic year is over $50,000. The school 
also reported that its need-based financial aid program provided scholarships to 
approximately 20% of its students who received grants from partial to almost full tuition. 
The philosophy of the school is to provide research-driven teaching which also supports 
STEAM education. The purpose of the school is guiding girls to become independent 
women with meaningful and beneficial goals for society after they graduate rather than 
letting them leave with a feeling of “mission accomplished” focused solely on academic 
success. The high school also has a mathematical problem-solving club which offers a 




The public high school has a population of over 3700 students from various 
ethnicities: 35% Hispanic, 30% White, 24% Asian, and 8% Black. English language 
learners constitute 8% of the whole population while 15% of the population is students 
with special needs. The percentage of the faculty with three or more years of experience 
is 87%. The recent school report of 2017 – 2018 shows that 58% of the students were in 
need of financial support. The purpose of the high school is to provide academic 
excellence and preparation for college and career with a focus on developing among its 
students a sense of community and citizenship skills for a multicultural society. The 
average SAT score of the school is 1097 out of 1600. Ninety-one percent of the students 
graduate within four years. The school ensures engaging, rigorous, and coherent curricula 
which are aligned with Common Core Standards in all subjects, and it offers many social 
and academic clubs, including “math studies club.”  
After in-person meetings with principals and Mathematics Department chairs, the 
researcher contacted the teachers who were available and willing to contribute to the 
study. 
 Three teachers at the private school satisfied the criteria. Apart from these three 
teachers, the Mathematics Department chair, who did not teach 9th or 10th grades and thus 
failed to satisfy the criteria for this study, also wanted to participate. She, however, 
provided the names of students who were her students in the previous academic year but 
participated in the study in other teachers’ classes. Thus, the researcher could still analyze 
and compare the instruments of this teacher and her former students. Sixty-two students 
participated in the study in these teachers’ classes. However, some students did not bring 
the consent forms back, or their parents did not allow them to participate. As a result, the 
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data of 25 students were removed from the study. Finally, the researcher collected and 
analyzed data from four teachers and 37 students from the private school.  
 At the public school, three teachers satisfied the criteria. In their classes were 167 
students. In total, 113 students withdrew or were removed from the study. Thirteen of 
them did not give assent. Fifty-eight of them did not bring parent consent forms back to 
the researcher. Among the ones who brought the parent consent forms, parents of 28 
students did not give consent for their children to participate in the study. Furthermore, 
fourteen students did not want to continue the study and quit after a while. The surveys of 
these fourteen students were removed and destroyed. Consequently, the researcher 
collected and analyzed data from three teachers and 54 students from the public school.  
 In total, the researcher collected and examined data from seven teachers and 91 
students for this study.  
Instruments 
Three data collection instruments were employed in this study. One was a 
background/opinion questionnaire for teachers. The second instrument was a problem-
solving belief questionnaire. The researcher prepared two different problem-solving 
belief questionnaires, one for teachers and the other for students. The last instrument was 
an activity that includes real-life mathematical problems. Two peers who were studying 
doctoral programs in mathematics education and two experts in the mathematics 
education field examined the appropriateness and clarity of the questions in the 




First of all, the researcher developed the Background/Opinion Questionnaire 
(BOQ) (see Appendix B) by benefiting from the optional teacher questionnaire of the 
PISA 2015, the public opinion survey of the Ranking Storm Project conducted by Oren 
Pizmony-Levy in 2018 at Teachers College, and two other studies (Brown, 2003; Poetzl, 
2007). The questionnaire had 28 questions in four categories: background information, 
initial education and professional development, mathematics teaching practices, and 
questions about education and international standardized tests. The questionnaire 
consisted of multiple-choice questions as well as some open-ended questions which ask 
for a detailed explanation for the previous multiple-choice question. Completing the 
questionnaire took between 10 and 15 minutes.  
The second instruments of this study were the two questionnaires designed to 
measure teachers’ and students’ beliefs about mathematical problem-solving. The 
researcher developed these questionnaires by combining several different surveys from 
previous studies (Kloosterman & Stage, 1992; Zambo, 1996; Brown, 2003; Poetzl, 2007) 
and created the Teachers’ Beliefs Questionnaire (TBQ) (see Appendix D) and Students’ 
Beliefs Questionnaire (SBQ) (see Appendix F).  
To ensure the reliability of the questionnaires, the researcher evaluated the 
Cronbach’s Alpha values for each questionnaire and their sub-questionnaires. To assure 
that the scales are reliable, the Cronbach’s Alpha value for each scale should be greater 
than or equal to .7 if the number of items is more than 10, and greater than .5 if the 
number of items is less than 10.  
The Teachers’ Beliefs Questionnaire consisted of 43 Likert-scale items in three 
sub-questionnaires: statements about oneself, one’s mathematics instruction, and one’s 
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students. The Cronbach’s Alpha value of the overall questionnaire was .919. The first 
sub-questionnaire (part A of the TBQ) was comprised of 22 statements about personal 
beliefs in problem-solving and the Cronbach’s Alpha value of this scale was .924. The 
second sub-questionnaire (part B of the TBQ) included 16 items, which are about the 
teachers’ evaluation of their mathematics instruction, and the Cronbach’s Alpha value of 
that was .722. The last sub-questionnaire (part C of the TBQ) had five items about 
teachers’ evaluation of their students, and the Cronbach’s Alpha value of it was .715.  
The Students’ Beliefs Questionnaire (SBQ) consisted of 33 Likert-scale items in 
two categories: statements about one’s mathematical problem-solving beliefs and one’s 
perception of how their teacher instructed them. The Cronbach’s Alpha value of the 
overall questionnaire was .866. The first sub-questionnaire (part A of the SBQ) was 
comprised of 22 statements about personal beliefs in problem-solving, and the 
Cronbach’s Alpha value of this scale was .887. The second sub-questionnaire (part B of 
the SBQ) included 11 items about students’ perception of their mathematics instruction, 
and the Cronbach’s Alpha value of it was .504.  
The five possible responses for the Likert-scale ranged from “strongly disagree” 
to “strongly agree.” Overall scores and sub-scores for each category of the questionnaires 
were calculated by giving points where 1 point meant “strongly disagree,” and 5 points 
meant “strongly agree” for positively worded statements. Reverse order points were 
assigned for negatively worded statements. The total score of the TBQ ranged from 43 to 
215, while the score of the first sub-questionnaire ranged between 22 and 110, the score 
of the second sub-questionnaire ranged between 16 and 80, and the score of the third sub-
questionnaire ranged between 5 and 25. Furthermore, the total score for the SBQ ranged 
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between 33 and 165, while the score of the first sub-questionnaire ranged between 22 and 
110, and the score of the second sub-questionnaire ranged between 11 and 55. Both 
questionnaires took approximately ten minutes to complete. 
Finally, the third instrument of this study was the Mathematics Activity (MA), 
which included four mathematics problems with real-life contexts (see Appendix G). The 
researcher chose these problems among 28 questions from the PISA 2012 main survey 
items and field trial items, which provide internationally accepted standards for the 
appropriate age group. The PISA mathematics tests have three main categories and each 
category has various subcategories: content (space and shape, change and relationships, 
quantity, uncertainty and data), context (personal, occupational, societal, scientific), and 
process (formulating, employing, interpreting) (“Explore PISA 2012,” 2012). The 
researcher chose the problems by attempting to attain a fair balance between different 
content and processes. Table 2 represents the distribution of the categories of the chosen 
mathematics activity items.  
Table 2. The Categories of the Mathematics Activity Questions 
Problem Question Content Context Process 
Prob. 1 - Garage  
Q 1 Space and shape Occupational Interpret 
Q 2 Space and shape Occupational Employ 
Prob. 2 - Cable TV 
Q 1 Uncertainty and data Societal Interpret 
Q 2 Uncertainty and data Societal Interpret 
Prob. 3 - Sailing 
Ships 
Q 1 Quantity Scientific Employ 
Q 2 Space and shape Scientific Employ 
Q 3 Change and relationships Scientific Formulate 
Prob. 4 - MP3 
Players 
Q 1 Quantity Personal Interpret 




Almost two-thirds of the PISA questions are multiple-choice with a variety of 
formats, including highlighting a word within a text, connecting pieces of information, 
and making multiple selections from dropdown menus. Due to feasibility concerns in 
classrooms and research purposes, the researcher converted the chosen multiple-choice 
PISA questions to open-response format to encourage participants to show their work and 
thinking processes.  
The researcher changed Question 1 of Problem 1, so-called Garage, which was 











Figure 4 shows the new format of the question.  
 
Figure 4. The Edited Version of Question 1 of Problem 1 
 
 Although the original form was less challenging, and more participants might 
have given the correct answer to that one, the researcher wanted to examine the visual-
spatial understanding of the participants through their drawings and explanations.   
Question 2 of Problem 2, Cable TV, asked test takers to explain why the given 
statement in the question was incorrect (see Figure 5). The researcher changed the 
original form so that the test takers also needed to determine if the statement was correct 




Figure 5. The Original Form of Question 2 of Problem 2 
 
Figure 6. The Edited Form of Question 2 of Problem 2 
Without changing the questions, the researcher removed the multiple numerical 
choices from Question 1 of Problem 2, and Questions 1 and 2 of Problem 3.  
The researcher used the rubrics prepared by the PISA for each item as a guide to 
create a new rubric (see Appendix H). The new rubric allowed the researcher to eliminate 
any bias that could occur during grading. Moreover, some questions had different grading 
systems than PISA’s original rubrics since the researcher aimed at comprehending the 
thinking process of the participants. For example, in Question 1 and 2 of Problem 4, the 
questions asked the test takers to circle “yes” or “no” for multiple statements about the 
questions. The PISA rubric accepted the correct choices as full credits; however, the new 
rubric evaluated the calculations and explanations to give full, partial, or no credits.  
This activity applied to both teachers and their students and took approximately 
40 – 50 minutes. 
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Data Collection and Analysis 
Confidentiality 
 In ensuring the participants’ confidentiality, the name of the schools and their 
locations have not been disclosed. In this study, only teacher participants were assigned 
pseudonyms. The record of participants and assigned pseudonyms were kept confidential 
and stored in a personal password-protected hard drive. All instrument papers were 
obtained with the participants’ written consent. These documents, along with consent 
forms, were scanned and stored in personal password-protected hard drives. To ensure 
that the ethical standards were in place, the researcher stored the consent forms and 
instrument papers in a locked filing cabinet in her apartment.  
Data Collection 
 Data collection took place at different times for public high school and private 
high school because of their schedules. In both schools, teachers filled out the 
questionnaires and solved the mathematics activities on a previously scheduled date and 
time before their students participated in the study. Based on schools’ academic calendars 
and teachers’ experiences with the instruments, teachers suggested appropriate 
timeframes for their students to participate in the study.  
In the public school, the researcher conducted the study on four days of the last 
week of February. Based on the teachers’ suggestions and consents, students participated 
in the study during school hours. Due to time constraints, the researcher collected the data 
in two 45-minute periods on two different days for each class, one period on one day, the 
second period on a second day. During the first period at each class, the researcher spent 
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approximately 15 minutes explaining the study to students, distributing, and collecting 
the assent forms. The researcher divided the mathematics activity into two parts. The 
SBQ and two problems of the MA were distributed on day one, and the other two 
problems of the MA were given on day two at each class.  
 In the private school, the researcher conducted the study on three consecutive 
days at the end of April. According to the teachers’ suggestions, students took the 
questionnaires and activities in one seventy-minute class period. Data were collected 
from seven different classes of three teachers.  
Data Analysis 
 In total, data from seven high school mathematics teachers and 91 students were 
collected and examined for this study. All documents included participants’ names in 
order to match and follow their questionnaires and mathematics activities. Before 
analyzing the instruments, all names were covered so that any bias could be removed 
from the grading process of the questionnaires and mathematics activities. Mathematics 
Activities of randomly-selected eleven students were graded by the researcher and a 
master’s student who is studying in the Mathematics Education program at Teachers 
College. Two raters graded 99 items, which were nine questions in eleven randomly 
chosen students’ papers. The level of agreement between the raters was 83 out of 99, 
which was approximately 84 percent.  
The researcher analyzed the instruments both quantitatively and qualitatively to 
provide background information about the participants and to explain statistical results in 
depth. Initially, teachers’ Background/Opinion Questionnaire (BOQ) results were 
examined and categorized to portray their profiles according to their gender, years at 
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work, highest degrees earned, professional development activities, mathematics teaching 
practices, etc. Later, the researcher calculated overall and sub-questionnaire scores of 
Teachers’ Beliefs Questionnaire (TBQ), graded teachers’ Mathematics Activity (MA) 
papers. She also took notes of common explanations, reasonings, misunderstandings, and 
calculation errors to provide detailed information about teachers’ thinking and problem-
solving processes.    
 Following the analysis of teachers’ instruments, the researcher examined students’ 
papers. Similar to the analysis of teachers’ belief questionnaires, the researcher calculated 
the overall and sub-questionnaire scores of students’ belief questionnaires and prepared a 
table showing the mean values and standard deviations of these scores. She graded 
students’ mathematics activities, calculated mean values and standard deviations of each 
group of students according to their teachers, and created a list of students’ common 
explanations and calculation errors.  
 After the process of analyzing each instrument on its own, the researcher 
attempted to answer research questions by drawing connections and highlighting 
correlations between the instruments of two groups of participants. 
 To address the first research question, which asked about the influence of 
problem-solving backgrounds of in-service high school mathematics teachers on their 
problem-solving beliefs and skills, the researcher combined all three instruments 
answered by the teachers. First, the researcher highlighted the similarities and distinctions 
between these teachers by giving excerpts from their answers for the open-ended 
questions in the BOQ. She examined relationships between TBQ and MA scores, and 
teachers’ educational and vocational backgrounds. She provided tables and figures to 
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show these connections. She also prepared frequency tables of the answers in TBQ items 
and studied the significant differences among teachers’ answers for the same items. 
Moreover, she attempted to explain the underlying reasons for the answers of certain 
TBQ items by building connections with BOQ results. Conclusions were drawn based on 
these relations.   
To address the second research question, which asked about students’ approaches 
to solving PISA mathematics problems, the researcher analyzed students’ Mathematics 
Activity (MA) papers. For each question in the MA, the researcher presented students’ 
common misunderstandings, unusual solutions and explanations by grouping them 
according to their teachers.  
To address the third research question, which asked about how students describe 
their problem-solving beliefs and their teachers’ mathematics instruction, the researcher 
examined Students’ Beliefs Questionnaire (SBQ) and prepared frequency tables for the 
statements about students’ mathematical problem-solving beliefs. Moreover, the 
researcher analyzed the common statements of the sections about mathematics instruction 
in the TBQ and SBQ, and compared students’ answers with their teachers’ answers. 
Lastly, the researcher calculated the mean scores and standard deviations of students’ 
beliefs questionnaire scores and mathematics activity scores for each teacher, and 
provided a table showing these scores to present the comparison of the scores between 





The researcher provided an analysis of students’ data by grouping them according 
to their teacher and did not compare students’ results statistically for two reasons. First, it 
was not the primary purpose of this study, and second, data collection periods varied at 
each school due to different academic calendars, which might have caused an unfairness 
in comparing students’ results from different schools. 
Furthermore, the influences of students’ former mathematics teachers in terms of 
empowering their students’ problem-solving beliefs and skills, were neglected in this 
study. Another neglected issue was the time that the students spent with the same teacher, 
especially for the 10th grade students, since they might have had the same teacher when 
in the 9th grade. 
Moreover, due to voluntary participation in the study, the number of students was 
different for each teacher. A higher number of student and teacher participants might 









RESULTS AND DISCUSSION 
 
 The purpose of this mixed-methods research study was to understand how high 
school mathematics teachers’ backgrounds related to problem-solving affect their 
problem-solving beliefs and skills. This study, also, aimed at examining students’ 
approaches and beliefs about mathematical problem solving, and beliefs about their 
teachers’ mathematics instruction. The research questions asked: 
1. How do prior problem-solving experiences affect high school mathematics 
teachers’ problem-solving beliefs and skills? 
2. What are students’ approaches to solving PISA mathematics problems? 
3. How do students describe their problem-solving beliefs and their teachers’ 
mathematics instruction? 
This chapter opens with the profile portraits of seven high school mathematics 
teachers by using the data collected via the Background/Opinion Questionnaire (BOQ). 
The information highlighted participants’ backgrounds, teaching practices, and opinions 
about international standardized mathematics tests. Following this section, the researcher 
answered the research questions respectively. For research question 1, the data analysis of 
Teachers’ Beliefs Questionnaires (TBQ) and Mathematics Activities (MA) of teachers 
were presented. Then, the researcher answered the first research question by combining 
the analysis of TBQ and MA results through the lens of information gathered via BOQ. 
For research question 2, the researcher examined students’ Mathematics Activity (MA) 
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papers and grouped the common misunderstandings, unusual solutions and explanations 
for each question. For research question 3, the researcher analyzed Students’ Beliefs 
Questionnaires (SBQ) and prepared frequency tables for the statements about students’ 
mathematical problem-solving beliefs. Moreover, the researcher examined the common 
statements in the sections about mathematics instruction of the TBQ and SBQ, and 
compared students’ answers with their teachers’ answers. Lastly, the researcher 
calculated the mean scores and standard deviations of students’ beliefs questionnaire 
scores and mathematics activity scores for each teacher, and provided a table showing 
these scores to present the comparison of the scores between students and their teachers.  
Portraits of Teacher Participants 
 Seven high school mathematics teachers participated in this study. The researcher 
used the Background/Opinion Questionnaire (BOQ) (see Appendix B) to demonstrate the 
profiles of the teachers.  
Background Information 
 Table 3 shows the demographics of these teachers. At the private school, teachers’ 
ages were closer to each other, which might provide better communication with more 
understanding. On the other hand, their work experiences vary as well as the hours they 
spent on mathematics teaching in a week. At the public school, there is a generational 
difference between teachers which might create differences in their opinions on teaching 
approaches and methods. The instruction hours spent per week, however, were the same 
for teachers at the public school.  
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Ethnicity Age Years at 
Work 
Instruction Hours 





Andy M White 33 3 15 
Diana F White 38 8 40 
Leo M White 34 4.5 16 
Richard M White 32 10 40 
 
Public 
Betty F Asian 43 20 25 
Christina F Asian 23 1 25 
Maya F Asian 59 12 25 
 
 Table 4 outlines which grades teachers taught at the time of data collection.  
Table 4. Grades Taught During Data Collection 
School Participant’s 
Name 
The Grades Teachers Currently Teach  




Andy Yes Yes No Yes 
Diana No No Yes Yes 
Leo Yes No Yes Yes 




Betty Yes Yes Yes Yes 
Christina Yes Yes Yes Yes 
Maya Yes No Yes No 
 
It is important to note that Diana, one of the teachers at the private high school, 
wanted to participate in this study even though she is not currently teaching those grades. 
After the data was collected from other teachers and their students at the private school, 
Diana provided the names of her former students among these students. Only some of 
Andy’s and Richard’s students were her former students. The details about this issue 
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were given further in this chapter when the researcher compared the results between 
Diana and her former students.   
Initial Education and Professional Development  
 The researcher asked eight questions in the BOQ to gather information about 
teachers’ initial educational and professional development. The first five questions 
numbered 8 to 12 are about teachers’ initial education, asking for degrees earned, majors 
of programs, ways of receiving teaching qualifications, content of teacher education 
programs, and content of courses on problem-solving if they took any. The last three 
questions numbered 13 to 15 are about teachers’ professional development activities. 
Table 5 summarizes teachers’ degrees and majors as well as their method of 
receiving teaching certification.  
Table 5. Teachers’ Degrees and Majors/ Their Method of Receiving Teacher Certification 
School Participant’s 
Name 
Degrees Teachers Have  Teacher Certification 





Andy* Math Math ed. Math ed. - - 
Diana* Math Math ed. Math ed. - - 
Leo Math  Math ed. - - + 
Richard Math ed.  
(7-12) 
Math ed.  
(7-12) 




Betty Math ed. Math ed. - + - 
Christina Science ed.  
(7-12) 
- - + - 
Maya Not given Science ed. - - + 
  
Among the seven teachers, only Andy had no teacher certification. Diana received 
her teaching certification through NYC Teaching Fellows. 
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 Teachers were asked to give approximate percentages of the content of their 
teacher education programs (in such a way that the total percentage adds up to a 
hundred). Table 6 demonstrates these distributions among the programs that the teachers 
attended. 
Table 6. Distributions of the Content of Teacher Education Programs 
 Andy Diana Leo Richard Betty Christina Maya 
Mathematics and 
technology content 75 75 60 40 50 50 35 
Teaching and learning 
school math* 5 15 20 40 30 25 30 
General topics in 
education** 5 10 10 20 15 25 35 
Other topics 15 0 10 0 5 0 0 
TOTAL 100 100 100 100 100 100 100 
*Teaching and learning school math: teaching methodology related to school 
mathematics, instructional skills, student misconceptions, etc. 
**General topics in education: teacher-student interaction, classroom management, 
school evaluation, special education, etc.  
 
 It should be noted that some teachers received their degrees a long time ago, and 
these percentages were approximate values. Besides that, many teacher education 
programs offer a variety of courses, some mandatory and some elective. Thus, these 
proportions reflected individual choices rather than the programs’ ultimate goals. To 
obtain more information about teachers’ educational backgrounds related to problem 
solving, the following question in the BOQ asked whether the teachers took any courses 
explicitly related to problem-solving. If so, what the details were, and if not, whether 




Table 7. Content of the Courses about Problem Solving 
Names Answers 
Andy Polya, Schoenfeld, Kilpatrick, Brown and Walter, Silver, 4 steps of 
Polya, framework of Schoenfeld (1985) 
Diana I took one of my professor’s problem solving courses twice and once 
took it as an independent study in problem posing 
Leo Problem Solving and Problem Posing. Covered heuristics of Polya, some 
background psychology, literature by Schoenfeld 
Richard We learned how to problem solve using technology and usually started 
with a challenging problem 
Betty It was called Discrete Math and we learnt to teach through problems 
Christina Yes, I have taken a math course about problem solving 
 
 Table 7 includes the answers of only six teachers. Maya, one of the public-school 
teachers, stated that she hadn’t taken any course on problem solving and didn’t remember 
whether problem solving was covered in any other courses. One should remember that 
Maya received her master’s degree in Science Education. This situation implies that even 
if she learned something about problem solving in graduate school, this knowledge was 
not necessarily about mathematical problems.  
 Moreover, Andy’s, Diana’s, and Leo’s answers are coherent since they all 
received their master’s and doctoral degrees from the same graduate school. Their 
courses were more likely parts of the educational requirements of the degree. On the 
other hand, Betty and Christina stated that they took mathematical content courses, and 
learned how to pose problems in those courses.  
  For the question asking whether teachers were required to take part in 
professional development activities at their school, all teachers answered “yes” except 
Leo. Leo’s answer was noteworthy since the other private-school teachers answered in 
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the opposite. The details about the professional development activities that teachers took 
part in were summarized in Table 8. Doing individual or collaborative research, reading 
professional literature, and engaging in informal dialogue with colleagues were the most 
chosen methods for professional development activities. Betty and Maya were the least 
engaged participants in professional development activities. Among these two 
participants, Betty’s choices were more interactive activities, whereas Maya’s choices 
were more individual-oriented activities. It is also remarkable that Betty and Maya said 
“no” to the statement about qualification programs even though they both had master’s 
degrees. 
 Table 9 shows teachers’ answers about whether any of the professional 
development activities they took part in was about problem solving. Three teachers 
identified journal reading as a method they used to learn more about problem solving. 
The teachers at the private high school stated that they were highly engaged in problem-
solving-related activities. Even though Betty had more professional experience than any 
other participant and said that she took part in mentoring and engaging in informal 
dialogues with her colleagues (see Table 8), she stated that neither of the professional 






Table 8. Types of Professional Development Activities 
 Andy Diana Leo Richard Betty Christina Maya 
Qualification Program 
(e.g., Degree Program) 
No No Yes Yes No Yes No 
Participation in a network of teachers formed 
specifically for the professional development of 
teachers 
Yes Yes No Yes No Yes No 
Individual or collaborative research on a topic of 
interest to you professionally Yes Yes Yes Yes No Yes Yes 
Mentoring and/or peer observation and coaching, 
as part of a formal school arrangement Yes Yes No Yes Yes Yes No 
Reading professional literature (e.g., journals, 
evidence-based papers, thesis papers) Yes  Yes Yes Yes No Yes Yes 
Engaging in informal dialogue with your 
colleagues on how to improve your teaching Yes Yes Yes Yes Yes Yes No 




Table 9. Problem-Solving Related Professional Development Activities 
Teachers Answers 
Andy Reviewing math ed. journals on problem solving. Publishing about 
problem solving. Designing a course about problem solving and 
problem posing. Presenting at a conference on problem solving. 
Diana I’ve run faculty PD on teaching problem solving. Co-taught MFA 
courses on problem solving/problem posing.  
Leonard Yes, the journal articles are often covering topics related to problem 
solving in general. 
Richard As a school, we are always trying to find ways to improve, and as 
teachers we are constantly trying to create problem-based learning in 
our curriculum. 
Betty No 
Christina Since I also need to teach students how to use problem solving skills, 
I need to be familiar with these ahead of time. I would read the 
articles relating to problem solving and hear different opinions from 
my colleagues about how to incorporate problem solving skills in 
lessons. 
Maya Given different methods toward the same problem. Ex: 2"# = 5  you 
can solve  
1. log" 5 = 2)	+,-	) = ./0 1./0 " /2 
2. log2"# = log 5 	+,-	2) = 3451345" +,-	) = 6789678:"  
 
   




Mathematics Teaching Practices 
 In this section of the BOQ, the researcher tried to learn how often teachers spend 
time specifically on developing students’ problem-solving skills, which factors enable 
them to include sufficient problem-solving activities, and what kind of methods they use 
to implement problem-solving in their mathematics instruction. Table 10 shows the 
frequency of instruction related to developing problem-solving skills and teachers’ 
opinions about whether they can make enough time for problem-solving in their 
mathematics instruction. 
Table 10. Frequency of Focus on Problem-Solving During Instruction 
   The frequency of focus on 
  problem-solving during 
  instruction* 
I make enough time for problem-
solving in my mathematics 
instruction 
Andy A few times a week True 
Diana Daily True 
Leo A few times a week True 
Richard Daily True 
Betty Once a month True 
Christina A few times a week True 
Maya A few times a week False 
*The frequency levels: never, once a month, once every two weeks, once a week, a 
few times a week, and daily 
 
 The teachers at the private high school stated that they made enough time for 
problem-solving during their mathematics instruction. When the factors enabling them to 
do so were sought, these teachers emphasized the freedom in developing and applying 




their curriculum and the importance of a supportive environment provided in their 
department. 
Andy: “No standardized tests. Supportive department. Significant agency in 
curriculum development.” 
Diana: “Curricular freedom, pedagogical autonomy” 
Leo: “Time, departmental philosophy, administrative trust” 
Richard: “Our curriculum has problem solving built in and my goal is to 
teach/show my kids how to think independently.” 
  
 The teachers at the public high school, however, portrayed different approaches. 
Betty stated that she makes enough time for problem-solving even though the frequency 
of focus on problem-solving during her instruction was the least compared to other 
teachers. She also said, “You have to make your own time and sacrifice some topics” to 
explain the factors affecting the problem-solving focus of her instruction. On the other 
hand, Maya’s answer showed that focusing on problem-solving a few times a week was 
not enough for her. She explained the reason: “The students have different levels of 
foundations and knowledge. A lot of the time, you need to take it slowly to accommodate 
the needs of the lower-achieved students.” Christina, who also focused on problem-
solving a few times a week during her instruction and thought that that was enough, 
indicated: “For each lesson after I teach the content, I would like to leave 10-15 minutes 
for my students to practice solving relevant problems so that they can develop their 
problem-solving skills, and they would be able to understand the content better.” 
 The researcher presented a list of methods that teachers might use to implement 
problem-solving in their mathematics instruction and asked teachers to put a check mark 




next to the relevant statement that indicated how often they use that particular approach 
in their classes: never or almost never, some lessons, many lessons, and every lesson or 
almost every lesson. Table 11 presents the list of methods and teachers’ answers about 
the issue. One of the remarkable points in the table is that Betty chose “never or almost 
never” for four statements: ‘Students use manipulatives to solve the problem (3-D 
objects, calculators, etc.)’, ‘Teacher poses problems that have more than one correct 
solution’, ‘Teacher poses problems for which the students do not have a solution method 
in advance’, and ‘Teacher expects students to figure out how to solve problems.’ First of 
all, students are allowed to use calculators in the U.S. and it is unusual that teachers do 
not allow their students to use calculators in mathematics classes. Betty’s answer for this 
statement, then, was different from the other teachers and unpredicted. The next two 
statements showed that Betty chose using ‘routine’ problems more than challenging ones. 
The last statement reflects Betty’s beliefs for her students. This statement might even be 
an indicator of her choice of time distribution for tasks in class. On the other hand, Leo, 
one of the teachers at the private high school, chose “never or almost never” for two 
statements: ‘Students work on problems that are not word problems’ and ‘Students work 
individually.’ Leo’s preferences might indicate that he encouraged collaborative 








Table 11. Methods of Mathematics Instructions and their Frequency* of Use by the Teachers 
  Andy Diana Leo Richard Betty Christina Maya  
A Students work in small groups or with a partner. Many Every  Every Every  Many Every  Every  
B Students use manipulatives to solve the problem. (3-D objects, calculators, etc.) Every Some Some Many Never Many Some 
C Students explain how they solve the problem. Many Every  Many Every  Many Many Every  
D Students defend the reasoning behind their solution. Many Every Every Every  Some Some Some 
E Teacher asks for different ways to solve the same problem. Many Every Every Every  Some  Some Many 
F Teacher poses problems that have more than one correct solution. Many Every Many Many Never Some Many 
G Teacher poses problems for which the students do not have a solution method in advance. Many Every Many Many Never Many Many 






Table 11. Methods of Mathematics Instructions and their Frequency* of Use by the Teachers 
  Andy Diana Leo Richard Betty Christina Maya 
H Teacher models how to solve a problem and then has students solve similar problems. Many Some Some Every Many Every  Every  
I Students work on problems that are not word problems. Many Some Never  Every Some  Every Every  
J Students work individually. Many Some Never Many Some  Every  Some 
K Teacher expects students to figure out how to solve problems. Many Every Every Every Never Every Some 
L The problems posed have a real world context. Some Many Many Many Some Some Many 
M The problems posed are challenging to students. Every Every Many Every Many Some Some 






 The last question in this section of the BOQ asked teachers to pick three most 
important methods of instruction and rank them. Table 12 shows these rankings of 
teachers’ top three methods. 
Table 12. Top Three Methods Used During Problem-Solving Instruction 
 Andy Diana Leonard Richard Betty Christina Maya 
First Method G G G A H H A 
Second Method A K K J A C C 
Third Method C D C/D M L A J 
 
A: Students work in small groups or with a partner 
C: Students explain how they solve the problem 
D: Students defend the reasoning behind their solution 
G: Teacher poses problems for which the students do not have a solution method in 
advance. 
H: Teacher models how to solve a problem and then has students solve similar problems. 
J:  Students work individually 
K: Teacher expects students to figure out how to solve problems 
L: The problems posed have real-life context 
M: The problems posed are challenging to students 
 
This table highlighted a significant difference between private and public school 
teachers. The methods G and K, which require more developed problem-solving skills, 
were not chosen by the teachers at the public school; opposite to the teachers at the 
private school. Indeed, Betty and Christina ranked Method H, which doesn’t leave much 
room for students to develop their critical thinking and problem-solving skills, as their 
first choice. It should also be noted here that the frequency use of different methods and 
the rankings of these methods were based on teachers’ own decisions about their teaching 
style. Classroom observations could have also provided how well teachers evaluate their 




Opinions about International Standardized Tests  
 This section consisted of eight questions about international standardized tests to 
understand teachers’ opinions about these tests and their connection to the educational 
system in the United States. During the administration of this questionnaire at the public 
school, Maya said that she had never heard of international standardized tests, especially 
PISA, thus, she answered the questions based on her guesses. 
Table 13 summarizes the first four questions numbered 22 to 25: how often the 
teachers follow the news about education in the U.S., how closely they follow the news 
about international standardized tests, what the American student ranking is in these tests, 
and how important the performance of the country is compared to that of other countries. 
Besides the answers presented in the table, Andy wrote that he didn’t trust TIMSS or 
PISA in regards to the question asking for the American student ranking. 
Questions numbered 26 to 28 asked for teachers’ level of agreement with the 
statements about international comparison tests: ‘International comparison tests 
accurately measure student achievement across nations’, ‘International comparison tests 
are critical to helping improve education in the United States’, and ‘I support the United 
States participation in international comparison tests in the coming years.’ Table 14 








Table 13. Teachers’ Agreement on the Statements about Education and International Standardized Tests 
 Questions numbered 22-25 Andy Diana Leo Richard Betty Christina Maya  
22 How often do you follow the news 
about education in the United 
States? 
Often Often Often Sometimes Often Sometimes Sometimes 
23 How closely did you follow the 
news about international 
standardized test results revealed 












closely Not at all 
24 How do American students rank  
in these tests? 
Bottom  Bottom Middle Do not know Bottom Middle Middle 
25 Is it important that the United 
States performs well on these tests 
















*The scales for each question are: 
Question 22: never, rarely, sometimes, often 
Question 23: not at all, not too closely, somewhat closely, very closely 
Question 24: do not know, bottom, middle, top 









Table 14. Level of Agreement with the Statements about International Comparison Tests 
 
International comparison tests 
accurately measure student 
achievement across nations. 
International comparison tests are 
critical to helping improve education  
in the United States. 
I support the United States’ 
participation in international 
comparisons tests in the coming years. 
Andy Strongly disagree Somewhat disagree Somewhat disagree 
Diana Somewhat disagree Somewhat disagree Neither agree nor disagree 
Leo Somewhat disagree Somewhat disagree Neither agree nor disagree 
Richard Neither agree nor disagree Somewhat agree Neither agree nor disagree 
Betty Somewhat disagree Strongly disagree Neither agree nor disagree 
Christina Somewhat agree Somewhat agree Somewhat agree 
Maya Somewhat agree Somewhat agree Somewhat agree 





 According to Table 13, Andy and Diana followed the news about international 
standardized tests ‘somewhat closely’ and thought that the ranking of American students 
was at the bottom. However, the last two PISA tests (PISA 2012 and 2015) showed that 
American students ranked in the middle. In PISA 2012, the mathematics score of the 
United States was 481 while the average score of the OECD countries was 494. The 
ranking of the country was 36th among 70 countries and 27th among 34 OECD countries. 
In PISA 2015, the mathematics score of the United States was 470 while the average 
score of the OECD countries was 490. The ranking of the country was 39th among 70 
countries. Even though PISA results are not the only evaluation method of an educational 
system, teachers might still use the results of the country rather than the comparative 
results with other countries to understand the possible reasons behind the decrease of the 
scores and rankings in time. Thus, it might provide an understanding of whether the 
current educational policies are working. Another point is that none of the teachers 
thought American students’ performances were important in these tests. 
Table 14 showed that the teachers agreed at similar levels to the statements about 
international standardized tests except Christina, who has only a year of work experience, 
and Maya, who stated that she had never heard of these tests. Most of the teachers did not 
think that the international tests measure students achievement accurately among 
countries. Betty strongly disagreed that international comparison tests were critical for 
improving education in the U.S. Four of the teachers were abstainers on supporting U.S. 




The Background/Opinion Questionnaire ended with a question asking for 
teachers’ additional comments on any issue raised in the questionnaire. Only three 
teachers gave some feedback, which was all about the international standardized tests. 
Andy stated that the international assessments must control for SES and education 
trajectory, e.g., in countries with vocational vs. academic tracks. Betty approached it from 
a different perspective: “The problem as I see it, the comparisons are not apple to apple. 
If some students are taken out of the field, US scores rise.” Her comment might 
somewhat resonate with Andy’s statement since they are both about comparing similar 
groups. Moreover, Diana made some connections between these tests with problem-
solving in her comment: “I think standardized tests assess how well students take that 
test. Not sure any test problem solving.” These comments showed that the teachers were 
not fully knowledgeable about the content of the international tests. PISA, in particular, 
publishes detailed reports for each country on the focus area in each administration, 
showing how gender, socioeconomic status, and educational trajectory affect the 
rankings. 
Research Question 1 
Research question 1 asked how prior problem-solving experiences affect high 
school mathematics teachers’ problem-solving beliefs and skills. Here, the researcher 
analyzed the TBQ and MA results. To answer the research question, the researcher 






Teachers’ Beliefs Questionnaire Results  
 Teachers’ total and sub-questionnaire scores of the TBQ were presented in Table 
15.  
Table 15. Sub-questionnaire and Overall Scores of the TBQs 
  TBQ_A TBQ_B TBQ_C TBQ_Total 
 
Private 
Andy 89 54 20 163 
Diana 104 67 18 189 
Leo 103 71 18 192 
Richard 93 69 17 179 
 
Public 
Betty  83 55 12 150 
Christina 83 55 11 149 
Maya 75 63 11 149 
 
The researcher ran the Mann-Whitney test to see if there was any significant 
effect of school type on the sub-questionnaire and overall scores. The significance value 
of the Mann-Whitney test was .032 for sub-questionnaire A, and the total score, .031 for 
sub-questionnaire C. Thus, school type was a predictor of the teachers’ evaluation of 
themselves and their students’ beliefs about problem solving. Table 15 illustrates that 
teachers at the public school held lower scores on sub-questionnaire A and C, and 
consequently in total. However, the significance value was .285 for sub-questionnaire B, 
which means that teachers’ self-evaluation of their mathematics instruction cannot be 
predicted based on the school types they were working in. 
The same test was applied for other variables: gender, age, years of experience, 
highest degree earned. However, none of them gave significant values to predict the level 
of TBQ scores. 
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The distribution of answers of the TBQ items among teachers. Sub-
questionnaire A of the TBQ had 22 items about how teachers evaluate their problem-
solving beliefs and skills. Table 16 shows teachers’ answers for the sub-questionnaire A 
of the TBQ. The Mann-Whitney test found a significant value which stated that the 
variable ‘school type’ (private or public) was an indicator of teachers’ levels of 
agreement. The researcher emphasized the items which teachers showed different 
leanings on. For statement 1 (I am a strong problem solver in mathematics), public school 
teachers chose “neutral” as opposed to private school teachers who agreed with the 
statement. For statement 7 (I like to solve mathematics problems related to real-life), 
most teachers agreed with it except Andy and Betty who chose “neutral” and “disagree,” 
respectively. Only Maya agreed with statement 8 (Most mathematics problems, other 
than the simplest types, take too long to solve). She also could not solve all the problems 
in the MA, so her agreement with this statement also explains her performance on the 
MA. Similarly, she also agreed with statement 11 (I would rather have someone tell me 
how to solve a difficult problem than to have to work it out for myself), and statement 20 
(I do not particularly like doing difficult mathematics problems), opposite to other 
teachers. Christina and Maya, two teachers at the public school, agreed with statements 
15 (The number of rules one must learn in mathematics makes solving problems difficult) 
and 18 (I find it difficult to concentrate on mathematics problems for a very long period 





Table 16. Teachers’ Answers for Sub-Questionnaire A of the TBQ 
  Andy Diana  Leo  Richard  Betty Christina Maya 




Agree Agree Strongly 
agree 
Neutral Neutral Neutral 
2 I am challenged by mathematics 






Agree Agree Agree Neutral 
3 I like to try new approaches to a 












4 I do not mind making a mistake when 













5 Mathematics problems are something 









Neutral Agree Agree 




Disagree Disagree Disagree Disagree Disagree 
7 I like to solve mathematics problems 
related to real life. 





8 Most mathematics problems, other than 
















Table 16. Teachers’ Answers for Sub-Questionnaire A of the TBQ 
  Andy Diana  Leo  Richard  Betty Christina Maya 
9 With sufficient time, I believe I could be 






Agree Agree Neutral Agree 
10 I tend to think of mathematics problems 






Agree Agree Agree Agree 
11 I would rather have someone tell me 
how to solve a difficult problem than to 
have to work it out for myself. 
Disagree Strongly 
disagree 
Disagree Disagree Disagree Disagree Agree 






Agree Agree Neutral Agree 
13 If I cannot solve a problem right away, I 





Agree Agree Agree 






Agree Agree Neutral Agree 
15 The number of rules one must learn in 




Neutral Disagree Disagree Agree Agree 












Table 16. Teachers’ Answers for Sub-Questionnaire A of the TBQ 
  Andy Diana  Leo  Richard  Betty Christina Maya 
17 If I cannot solve a problem right away, I 





Disagree Disagree Disagree Disagree 
18 I find it difficult to concentrate on 
mathematics problems for a very long 
period of time. 
Disagree Strongly 
disagree 
Disagree Disagree Disagree Agree Agree 
19 It makes me nervous to think about 






Disagree Neutral Disagree Neutral 









21 Trying to discover the solution to a new 






Agree Agree Agree Agree 
22 Mathematics problems make me feel as 
though I am lost in a jungle of numbers 
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Sub-questionnaire B of the TBQ had 16 items about how teachers evaluate their 
mathematics instruction. Table 17 shows teachers’ answers for the sub-questionnaire B of 
the TBQ. The Mann-Whitney test did not find any significant values for the variables. 
Therefore, the researcher discussed here only the statements with diverse levels of 
agreement among the teachers. 
For statement 1 (I am effective at teaching problem solving in mathematics) and 
for statement 7 (I feel very confident when I am discussing problem solving in class), all 
teachers agreed except Christina who voted “neutral.” Similar agreement among teachers 
happened for statement 3 (I feel a sense of insecurity when attempting to conduct 
problem solving instruction) and statement 11 (I feel apprehensive in trying new ideas to 
implement problem solving in my mathematics classroom) in which all teachers tended to 
disagree except Christina, who voted for “neutral” and “agree”, respectively. In these 
four cases, Christina’s answers were understandable since she only held one year of work 
experience at the time of data collection. All teachers disagreed for statement 2 (It is 
better to tell or show students how to solve problems than to let them discover on their 
own), while Betty agreed. For statement 5 (Students need to be given the correct answers 
to all of the problems they work), teachers tended to disagree except Betty and Maya who 
agreed with it. These two public school teachers were the oldest ones who also received 
low scores for sub-questionnaire C. More explicitly, their agreement with the statement 
might be a result of their workplace and a reflection of their beliefs in their students. For 
statement 6 (Hearing different ways to solve the same problem confuses students), Andy 
stated that he agreed with it even though his colleagues disagreed with it. For statement 
12 (Students need a step-by-step plan to follow in order to solve problems), it is 
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remarkable that private school and public school teachers voted oppositely. While the 
private school teachers strongly disagreed with the statement, except Richard who voted 
“neutral”, the public school teachers agreed with the statement. Another significant 
difference among answers occurred in statement 13 (I like to stress with my students that 
there are often many different ways to solve the same problem), where Christina strongly 
disagreed but all other teachers agreed. This situation might again be explained by 





Table 17. Teachers’ Answers for Sub-Questionnaire B of the TBQ 
  Andy Diana Leo Richard Betty Christina Maya 
1 I am effective at teaching problem 
solving in mathematics. 
Agree Agree Agree Strongly 
agree 
Agree Neutral Agree 
2 It is better to tell or show students 
how to solve problems than to let 





Disagree Agree Disagree Disagree 
3 I feel a sense of insecurity when 






Disagree Disagree Neutral Disagree 
4 I am confident in my ability to use 
new ways of teaching problem 
solving in my classroom. 




Agree Agree Agree 
5 Students need to be given the 
correct answers to all of the 







Neutral Agree Disagree Agree 
6 Hearing different ways of solving 












Table 17. Teachers’ Answers for Sub-Questionnaire B of the TBQ 
  Andy Diana Leo Richard Betty Christina Maya 
7 I feel very confident when I am 







Agree Neutral Agree 
8 I encourage my students to check 
their answers to problems to see if the 











9 Using different representatives helps 












10 Students who do not see how to solve 
a problem right away should be 
encouraged to try and think of another 










11 I feel apprehensive in trying new 
ideas to implement problem solving in 







Disagree Disagree Agree Strongly 
agree 
12 Students need a step-by-step plan to 
















Table 17. Teachers’ Answers for Sub-Questionnaire B of the TBQ 
  Andy Diana Leo Richard Betty Christina Maya 
13 I like to stress with my students that 
there are often many different ways to 












14 I encourage my students to use trial-
and-error procedures when solving 
many mathematics problems. 




Agree Neutral Agree 
15 I like to encourage my students to adopt 
a stop-and-think attitude when solving 
problems. 




Agree Agree Agree 
16  I like to use real-life mathematics 
problems in my classrooms. 
Neutral Agree Strongly 
agree 
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Sub-questionnaire C of the TBQ had five questions asking teachers how they 
evaluate their students’ problem-solving beliefs and skills. Table 18 shows teachers’ 
answers for the statements in this part of the TBQ. Teachers have various answers about 
their students. The remarkable result was the difference between private and public 
school teachers for the items except for the statement: “My students tend to struggle 
when given a problem-solving task.” For this statement, teachers tended to answer 
similarly; they agreed with the statement except for two teachers at the private school: 
one disagreed and one chose neutral. Other than the similarity in this statement, teachers 
at the same school generally presented similar opinions. Teachers at the public school 
disagreed with the statements, “My students are strong problem-solvers,” “My students 
like to try new approaches to a problem that they couldn’t solve,” and “My students are 
capable of clearly describing their solution method,” whereas the teachers at the private 
school tended to answer in the opposite direction for the same statements. On the other 
hand, teachers at the public school strongly agreed with the statement, “My students give 
up quickly when working on a problem-solving task,” while the teachers at the private 








Table 18. Teachers’ Answer for Sub-Questionnaire C of the TBQ 
  Andy Diana Leo  Richard  Betty Christina Maya 
1 My students are strong problem 
solvers. 
Agree  Agree  Agree Neutral Disagree  Disagree Disagree 
2 My students like to try new 
approaches to a problem that they 
couldn’t solve. 
Neutral  Agree Agree Neutral Disagree Disagree Disagree 
3 My students tend to struggle when 
given a problem-solving task. 
Agree Neutral Disagree Agree Strongly 
Agree 
Agree Agree 
4 My students are capable of clearly 
describing their solution method. 
Strongly 
agree 
Agree Agree Agree Disagree  Disagree Disagree 
5 My students give up quickly when 
working on a problem-solving task. 
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Teachers’ Mathematics Activity Results 
 In this section, the researcher provided teachers’ mathematics scores and 
highlighted the common mistakes and different approaches among teachers. In the 
mathematics activity (MA), there were nine questions in total under four main problem 
contexts. Each question is graded from 0 to 3 according to the rubric (see Appendix H) so 
that the total score is in a range from 0 to 27. Table 19 represents the scores of each 
teacher for each question.  
Table 19. Teachers’ MA Grades for Each Question and Total Scores 
  Andy Diana Leo Richard Betty Christina Maya 
P1 
Q1 3 3 3 3 2 1 0 
Q2 3 3 2 3 2 2 0 
P2 
Q1 3 3 3 3 3 3 1 
Q2 3 3 3 3 2 3 2 
P3 
Q1 3 3 3 3 3 3 0 
Q2 3 3 3 3 3 3 3 
Q3 3 2 2 2 2 3 2 
P4 
Q1 3 3 3 3 3 3 3 
Q2 3 3 1 2 2 2 0 
TOTAL SCORE 27 26 23 25 22 23 10 
 
It is important to note that Maya could not complete all the problems in the given 
time. She said that the questions were too long and it was hard for her to read and 
understand them at once. She was also concerned about her students’ performances since 
some of her students were English language learners.  
 83  
The researcher used Eta Correlation to examine if a relationship existed between 
MA scores and a categorical variable for teachers, such as school type, years of 
experience, and highest degree. The Eta value for the dependency of MA scores on 
school types was .648, which means that there is a moderate association between school 
type and MA scores. The square of this Eta value was .42, which means that the school 
types could account for 42% of the variance of the MA scores. The Eta value for the 
dependency of MA scores on years of work experience was .758, which means that there 
is a moderately strong association between work experience and MA scores. The square 
of this Eta value was .57, which means that the years of work experience could account 
for 57% of the variance of the MA scores. However, it doesn’t necessarily mean that the 
more years of work experience will result in higher MA scores. As has happened in this 
study, more experienced teachers, Betty and Maya, received lower scores on the MA. 
Finally, the Eta value for the dependency of MA scores on highest degree earned was .54, 
which means that there is a moderately strong association between diploma degrees and 
MA scores. The square of this Eta value was .29, which means that the diploma degrees 
could account for 29% of the variance of the MA scores. 
The following are the analyses of each problem, including teachers’ answers, 
which highlights the common explanations and misunderstandings. 
Problem 1. Problem 1 (see Figure 7) was comprised of two sub-questions. The 
first question asked for drawing the illustration of the garage model given below as 
viewed from Point B. In this question, the researcher tried to observe participants’ visual-
spatial performances since it is critical for mathematical problem-solving, modeling, and 
engineering.  
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Figure 7. Question 1 of Problem 1 in the Mathematics Activity 
 Teachers approached many ways of drawing the expected illustration. Among the 
ones who received full credit for this question, Andy explained his approach in these 
words: “Continued the dotted line to B and tried to imagine the rectangular prism 
skeleton of the garage from B’s perspective. Can see the window but not the door,” and 
drew the garage as in Figure 8. 
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Figure 8. Andy’s answer for Question 1 of Problem 1 
Figure 9 shows Diana’s drawing. Her explanation, indeed, coincides with Polya’s 
heuristics analogy.  
 
Figure 9. Diana’s answer for Question 1 of Problem 1 
 86  
Although Leo’s drawing was not so good, he explained his approach as: “I wasn’t 
sure about B’s perspective. I decided it was either directly behind the garage where you 
wouldn’t see either of the too long sides, or slightly to one side, where you would see 
primarily the back but a little of the side from an angle.” 
Richard’s explanation makes more sense, grasping his way of thinking as opposed 
to his drawing (see Figure 10): “I figured B won’t be able to see the front that A can. B is 
on the back side so is able to see the back/side of the garage.”  
 
Figure 10. Richard’s Answer for Question 1 of Problem 1 
 On the other hand, Betty received 2 points for this question because she drew the 
back and the wrong long side of the garage. Her approach, however, was very similar to 
Diana’s approach; they both tried to imagine themselves standing at Point B. 
 Christina received only 1 point since both her drawing and her explanation were 
not satisfactory: “Rotate the garage 90 degrees counter-clockwise. So we should be able 
to see the door and the window from Point B.” Maya showed no work, and thus she could 
not get any points for this question.  
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 These distinct approaches and expressions show once again that visual-spatial 
performance varies among people. Clearly, no teacher need have perfect drawing skills to 
solve a problem. The answers, however, point out the importance of the use of 
technology, especially in teaching geometry, so that students can develop rich 
visualization skills of the subject. The lack of visualization appears to be a bigger 
problem in the following question for both teachers and students.  
 In the second question of Problem 1, the total area of the roof was asked (see 
Figure 11). 
 
Figure 11. Question 2 of Problem 1 in the Mathematics Activity 
 For this question, Andy, Diana, and Richard gave correct answers and 
explanations almost in the same way. Leo received two points because he calculated the 
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roof area of one side correctly, but he forgot to double it. On the other hand, Betty and 
Christina made the same mistake, which was using the incorrect length. In their answers, 
they used one meter (the height of the roof shown in both front and side views) as the 
width of the roof instead of calculating the actual width by using the Pythagorean 
Theorem. Maya showed no work, and thus she could not get any points for this question.  
Problem 2. Problem 2 consisted of two sub-questions. The content of these 
questions was uncertainty and data. The required skill was to be able to read the table 
correctly, and answer the questions accordingly.  
The first question (see Figure 12) asked for creating the correct ratio by using 
percentages and finding the total number. This question evaluated participants’ 
comprehension of percentages and part-whole relationships through ratios.  
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Figure 12. Question 1 of Problem 2 in the Mathematics Activity 
Every teacher except Maya found the correct answer by using several different 
methods. Andy and Diana wrote the correct ratio but instead of using a calculator and 
finding the exact result, they estimated the result. Leo, Richard, Betty, and Christina 
wrote the ratio and found the correct answer. Maya, however, created a wrong ratio 
between the values, and multiplied the part of the population (2.8 million) with the 
percentage (.858). This shows that she misread the table and assumed the number of 
households that own TVs as the whole population. 
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The second question of Problem 2 asked for determining whether a student’s 
statement about the table was correct: “Because the percentage of all households that own 
TVs is almost the same for both countries, Norway has more households that subscribe to 
cable TV.” Andy and Leo gave similar explanations. Respectively, 
Andy: “France appears to have more than 12 times the households of Norway. 
The cable ratio is 3 times larger in Norway. So France has perhaps 4x as many 
households with cable than Norway.”  
Leo: “Although households subscribe to cable TV at a rate of almost triple that of 
France (42.7% vs 15.4%), the population of France is 12 times greater than that of 
Norway’s.” 
Diana stated that she would have asked the student for more information about his 
thinking and answered the question by calculating estimate values (see Figure 13). 
Richard calculated the total populations and then said, “France still has more people total 
with cable even though the percentage is lower than Norway.” Christina answered the 
question with a similar explanation. 
 
Figure 13. Diana’s Answer for Question 2 of Problem 2 
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On the other hand, Betty and Maya made calculation mistakes which caused them 
to find the wrong results and explain incorrectly. Maya used 20 million for Norway’s 
population instead of 2 million, while Betty used 2.45 million for France’s population 
instead of 24.5 million.   
Problem 3. Problem 3 involved three sub-questions. The contents of these 
questions were quantity, space and shape, and change and relationships.  
 Figure 14 shows the first question of Problem 3. Maya could not solve this 
problem and left it blank. Other teachers created correct ratios, found the result, and 
received full credit. All of them except Diana calculated 1.25 times 24 to find the wind 
speed at a point where the wind blows 25% faster than another given point with the wind 
speed 24km/h. Diana calculated by creating this equation: 24 + .25(24) = 30.  
 
Figure 14. Question 1 of Problem 3 in the Mathematics Activity 
 Question 2 asked for the length of a rope tied to a ship with a 45-degree angle (see 
Figure 15). All teachers solve this question correctly by using the Pythagorean Theorem. 
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Figure 15. Question 2 of Problem 3 in the Mathematics Activity 
  
Question 3 of Problem 3, one of the hardest questions in the MA, was about 
change and relationships, and required many interpretations and strategies to find the 
correct result (see Figure 16).  
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Figure 16. Question 3 of Problem 3 in the Mathematics Activity 
 Only Andy (see Figure 17) and Christina (see Figure 18) solved Question 3 
correctly with a nuance between their explanations.  
 
Figure 17. Andy’s Answer for Question 3 of Problem 3 
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Figure 18. Christina’s Answer for Question 3 of Problem 3 
Betty’s strategy was correct; however, she forgot to calculate the cost of diesel 
fuel savings, and thus, she divided inaccurate units and values with each other (see Figure 
19). 
 
Figure 19. Betty’s Answer for Question 3 of Problem 3 
Diana and Richard made the same mistake and instead of using the saved amount 
of diesel fuel, they used the amount of diesel consumption per year after the reduction. 
Figure 20 shows Richard’s answer as an example. Leo, on the other hand, did not 
calculate the saving at all, either because he misread the question or through a 
misunderstanding (see Figure 21).  
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Figure 20. Richard’s Answer for Question 3 of Problem 3 
 
Figure 21. Leo’s Answer for Question 3 of Problem 3 
Maya’s solution showed a more significant misunderstanding compared to other 
teachers. She multiplied the discount percentage with the fuel cost per liter and then 
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multiplied the cost of the equipment with the fuel cost per liter again. Her solution did not 
represent any strategy or correct comprehension of the question.  
Problem 4. Problem 4 consisted of two sub-questions. The content was quantity 
for Question 1 (see Figure 22), and change and relationships for Question 2 (see Figure 
23).  
 
Figure 22. Question 1 of Problem 4 in the Mathematics Activity 
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Figure 23. Question 2 of Problem 4 in the Mathematics Activity 
The mathematical expectation for Question 1 was that the participants should be 
able to calculate the discount by using percentages, and then choose which items Jason 
could buy. Teachers used diverse methods to solve this question, and find the correct 
answer. Andy added the prices up and then took 20% off for each situation. Diana took 
20% off from all items, then calculated the total prices of each situation. Leo added the 
prices for the first situation (MP3 player and the headphones), then took 80% off, and 
then said: “Since he can buy the 2 most expensive items, he can also buy the MP3 player 
and speakers” without making any further calculation for the second and third situations. 
Similar to Leo’s solutions, Richard, Betty, Christina, and Maya added prices first and 
then took 80% off of each situation. However, Betty gave an explanation which 
conflicted with her solution: “He can afford the first two even without the discount but 
the third even with the discount is too expensive.”  
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 Question 2 was a little bit more challenging than Question 1. Only two teachers at 
the private school, Andy and Diana, gave fully correct answers and explanations. Figure 
24 shows Andy’s answer.  
 
Figure 24. Andy’s Answer for Question 2 of Problem 4 
Maya left the question blank. The other four teachers, Leo, Richard, Betty, and 
Christina, gave distinct answers from each other by choosing different formulas as 
correct ones. Leo’s answer (see Figure 25) received the lowest grade for this question 
since he could not determine which formula was the correct one.  
 
Figure 25. Leo’s Answer for Question 2 of Problem 4 
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Richard, Betty, and Christina determined the correct formula, however, made 
incorrect choices for the other formulas. For example, Richard chose the second and third 
formulas as correct ones and explained: “Take the selling price and subtract the profit 
percentage of the selling price. Also take the profit and multiply it by the wholesale 
price.” Although the second and fourth formulas were variations of each other, he stated 
that the fourth formula was incorrect by choosing ‘no’. On the other hand, Betty chose 
the formulas as correct ones except the first one, and she stated that the second and third 
were variations of each other. Figure 26 shows her explanations.  
 
Figure 26. Betty’s Answer for Question 2 of Problem 4 
Christina determined the third and fourth ones as the correct formulas 
representing the situation in the question (see Figure 27).  
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Figure 27. Christina’s Answer for Question 2 of Problem 4 
Discussion for Research Question 1 
The researcher tried to answer the first research question both quantitatively and 
qualitatively. Statistical analysis did not give any significant correlation between 
Mathematics Activity (MA) scores, Teachers’ Beliefs Questionnaire (TBQ) scores, and 
Background/Opinion Questionnaire (BOQ) variables such as highest degree earned, years 
of experience, or gender. However, the Mann-Whitney analysis between TBQ scores and 
school types gave significant results for sub-questionnaires A (asking for teachers’ beliefs 
about their problem-solving skills) and C (asking for teachers’ beliefs about their 
students). This significance showed that teachers at the private school received higher 
scores on the TBQ, in other words, teachers at the private school had more positive 
beliefs about themselves, their instructional styles, and their students. Similarly, the 
Mann-Whitney analysis between MA scores and school types also gave significant 
results, with p = .05, which means that the teachers at the private school have higher MA 
scores. 
 101  
Qualitative analysis of the instruments provided deeper comprehension of the 
reasons behind the TBQ and MA scores. First of all, working at these particular public or 
private school was an indicator of teachers’ belief scores, mathematics activity scores, 
and preferences of instructional methods. This situation might be explained by looking at 
private school teachers’ answers about how they created enough time for problem solving 
in their classes. They emphasized the departmental and administrative freedom to create 
and apply their own curriculum. The educational backgrounds of these teachers also 
pointed out that the courses they took in graduate school helped them become familiar 
with problem solving more than other teachers at the public school. The analysis also 
showed that being a novice vs. an experienced teacher affected teachers’ beliefs in 
particular; items given in the TBQ analysis section. Furthermore, Betty and Maya stated 
that they did not participate in professional development activities as diverse as the other 
teachers, even though these two public school teachers had the highest years of work 
experience.  
Therefore, the analysis showed that taking courses about problem solving in 
graduate school, participating in problem-solving related professional development 
activities, and enjoying freedom in the workplace to adopt more problem-solving-
centered instruction affected teachers’ problem solving skills and beliefs positively. 
Research Question 2 
Research question 2 asked about students’ approaches to solving PISA 
mathematics problems. Students’ solutions, explanations, and their coherence were 
examined. For each question in the Mathematics Activity, the researcher presented 
students’ approaches, common misunderstandings, unusual solutions and explanations by 
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indicating their teachers’ names. Due to voluntary participation in the study, the number 
of students was different for each teacher. Table 20 shows the number of students who 
participated in the study for each teacher.  
Table 20. Number of Students of Each Teacher 










At the end of this section, the researcher offers final comments and answers the 
second research question. 
Problem 1 - Question 1 
Andy’s students generally answered Question 1 of Problem 1 correctly. Two 
students drew the side view with one window, and one student drew only the back of the 
garage. 
Similarly, eight out of ten among Diana’s students solved this question correctly. 
The other two students used different perspectives to draw the garage; one drew the side 
view with one window, the other drew from the left top corner. 
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Leo’s students generally did not understand what this question asked, and they 
only shifted the garage on Point B. Some students, however, explained correctly but 
could not draw.  
Five of Richard’s students answered it correctly. Two students drew the garage 
from the perspective of left top corner, and one student drew only the side view with one 
window. Figure 28 shows one remarkable drawing.  
 
Figure 28. Richard's Student's Answer for Question 1 of Problem 1 
Betty’s students gave various answers for this question. Seven students answered 
and explained correctly, two students drew only the back of the garage, and three students 
drew the side view with one window.  
The most common answer among Christina’s students was the side view with a 
window. Figure 29 shows another interesting drawing. 
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Figure 29. Christina's Student's Answer for Question 1 of Problem 1 
Maya’s students generally answered correctly. One of them drew the garage from 
the left top corner with no window and no door (see Figure 30).  
 
Figure 30. Maya’s Student’s Answer for Question 1 of Problem 1 
Problem 1 – Question 2 
Only four of Andy’s students answered this question correctly. Two students 
calculated the area of the triangle part of the roof (see Figure 31), whereas another 
student used the Pythagorean Theorem, found the correct length, but made a mistake by 
multiplying this length by itself to find the area.  
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Figure 31. Andy’s Student’s Answer for Question 2 of Problem 1 
Among Diana’s students, this question was answered in a correct way only by one 
student. The others either calculated the width of the front view of the garage and 
multiplied it by the height (2.5 + 2.5 = 5, 5 x 1 = 5), or calculated the area of the triangle 
part of the roof in the front view. 
When solving this question, some of Leo’s students used the formula of the area 
of a triangle since the roof looked like a triangle from the front view. Some students used 
the Pythagorean Theorem, found the correct length, then made a mistake and added the 
length to itself or multiplied with an incorrect length. One student explained it very well; 
however she made a mistake when applying the Pythagorean Theorem (see Figure 32).  
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Figure 32. Leo’s Student’s Answer for Question 2 of Problem 1 
In this question, most of Richard’s students tried to calculate the area of the roof 
by adding lengths given in the front view, although they stated in their explanations that 
the area is found by multiplying length by width. 
Among Betty’s students, only one of them found the correct answer and another 
one used the Pythagorean Theorem but made a mistake in the next steps (see Figure 33). 
The rest of Betty’s students did random calculations as with other teachers’ students. 
Most students used wrong lengths and confused perimeter with area and volume. 
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Figure 33. Betty’s Student’s Answer for Question 2 of Problem 1 
Among Christina’s students, only three students calculated the area of the roof in 
the question. The rest of the students either added up all of the numbers they saw in the 
figure or used the wrong lengths to calculate the area.  
Maya’s students tended to calculate the area by using the wrong lengths or 
formulas (Figure 34 shows a typical solution).  
 
Figure 34. Maya’s Student’s Answer for Question 2 of Problem 1 
Problem 2 – Question 1 
One of the common answers among Andy’s students was creating the wrong ratio 
and calculating 85% of 2.8 million.  
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Only two of Diana’s students answered the question in a correct way; other 
students either did some random calculations or created erroneous calculations like taking 
85% of 2.8 million.  
In this question, many of Leo’s students wrote that they made an educated guess; 
however, some of their answers were reasonable; some were not. For example, one 
student wrote: “I’m looking at the data table and I see that it says 2.8 million number of 
households, but those are the houses that have TVs. So I added 1 million to 2.8 and then 
added 100,000 until I got to 100%.” Figure 35 shows a remarkable approach for this 
question. 
 
Figure 35. Leo’s Student’s Answer for Question 1 of Problem 2 
Among Richard’s students, three answered this question correctly. Three other 
students did some random calculations (for example, subtracting 85.8 from 100, then 
adding it to 2.8). Two students created incorrect ratios and calculated 85.8% of 2.8 
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million. One significant answer for this question was, “The chart says how many 
households in Switzerland own TVs.”  
Two of Betty’s students created correct ratios and wrote correct explanations for 
the question, while one other student created the correct ratio but did not calculate the 
result. The rest of the students either left the question blank or wrote some random 
calculations which made no sense.  
Among Christina’s students, seven found correct results. Students generally 
created the wrong ratio, as has happened with other teachers’ students (that is students 
multiplied 85% of 2.8 million).  
Maya’s students gave various answers. Only two of them answered the question 
correctly. The others created incorrect ratios, such as calculating 85% of 2.8 million, 
dividing 85.8 by 2.8, calculating 14.2% of 2.8 million, and adding it to 2.8 million.  
Problem 2 – Question 2 
Andy’s many students answered Question 2 of Problem 2 correctly, even though 
they gave erroneous explanations by comparing only the number of households that own 
TVs or only the percentages of households that own TVs compared to all households. 
Another example of an erroneous  explanation was: “The statement is correct since 
Norway and France are similar in percentage of all households that own TVs, and also 
because 42.7% of Norway subscribes to cable and only 15.4% does in France.”  
Diana’s students mostly gave the correct answer, even though they wrote 
defective explanations, such as calculating 97% and 97.2% of the populations 
respectively and comparing the results. 
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Most of Leo’s students said the statement was incorrect; however, their 
explanations implied a misunderstanding or misreading of the data. For example, one 
student said: “This is false because if France and Norway have around the same amount 
why would Norway have more people subscribed to cable TV?” Among the ones who 
said that the statement was correct, one student explained: “This is the same thing 
because they both end up to be 97%” while another one said: “This is true because while 
they have almost the same amount of TVs, the subscription must be higher for such a 
large gap.” 
Among Richard’s students, the most common mistake for this question was that 
students compared the percentages of households that own TVs compared to all 
households. One student claimed that the information could not be obtained from the 
chart, while another student compared the numbers of Switzerland with Norway instead 
of France. 
Many of Betty’s students had no answer. The ones who did made mistakes similar 
to those of other teachers’ students. One student gave quite an interesting answer: “This 
is incorrect because in a house there can be multiple TVs like 1-5 TVs.” 
Christina’s students compared the wrong data from percentages and numbers of 
households that own TVs, instead of calculating actual numbers and comparing them. For 
example, one student compared 15% and 42% and stated that Kevin was correct. Another 
student wrote, “Kevin is incorrect. In Norway only 2 million people own TVs,” in which 
the answer was correct but the explanation was not satisfying. 
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Four of Maya’s students answered the question, while the other three students 
compared the wrong values, such as 15% and 42%, or the whole populations of the 
countries. 
Problem 3 – Question 1 
Most of Andy’s students answered this question correctly. They used the same 
approach as Andy did, which was converting percentage into fraction and multiplying 5/4 
by 24. Three students did not answer this question, and one of them calculated ¼ of 24 
but forgot to add it to 24.   
Among Diana’s students, most solved the question and found correct results; 
however, several students could not solve it. One other student made a calculation 
mistake and found 24 x .25 = 16. Thus, she found a wrong result.  
Among Leo’s sixteen students, only six solved the question correctly. The others 
did some random calculations, such as dividing 150 by 24, and multiplying 150 by .25. 
Figure 36 shows a significant method for calculating percentages.  
 
Figure 36. Leo’s Student’s Answer for Question 1 of Problem 3 
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Only three of Richard’s students answered this question correctly, and one student 
calculated 25% of the wind speed but did not add it to 24; while the others made random 
calculations, for example, dividing 150 by 24, and multiplying 150 by .25.  
Among Betty’s students, only three of them answered the question correctly. 
Also, two students calculated the percentage but did not add it to 24, so did not find the 
final result.  
Ten of Christina’s students found the correct answer with the correct approach in 
Question 1 of Problem 3. Figure 37 shows one specific method which was used by four 
students.  
 
Figure 37. Christina’s Student’s Answer for Question 1 of Problem 3 
Other students tried to solve the question by randomly multiplying and dividing 
the numbers they saw in the question (see Figure 38).  
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Figure 38. Christina’s Other Student’s Answer for Question 1 of Problem 3 
Among Maya’s students only one found the correct answer for the question. 
Generally, students tried to use all numbers in the question with no apparent 
understanding or strategy.  
Problem 3 – Question 2 
For this question, six of Andy’s students gave correct answers by using the 
Pythagorean Theorem. One student did not answer at all while two of them added angles 
to the height of the kite. Another student stated that she knew she should use the 
Pythagorean Theorem but could not remember the formula.  
Only three of Diana’s students solved the question correctly. Other students had 
difficulty in remembering the formula, added lengths and angles, or applied the 
Pythagorean Theorem by using lengths and angles.  
Only three of Leo’s students answered Question 2 of Problem 3 correctly. Some 
students stated that they did not remember the Pythagorean Theorem. One student 
recognized the isosceles triangle and decided that the rope should be the length of 
addition of the two side lengths which is 300.  
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Only two of Richard’s students gave correct answers. One of these students stated 
that she was not sure how to solve it; however, both solution and explanation were 
perfect. The most common mistake for this question was to substitute the length and 
angles in the Pythagorean Theorem. 
Similarly, among Betty’s students, only two answers were correct, whereas the 
other solutions included operations between angles and lengths. 
Only three of Christina’s students found the correct answer for this question by 
using the Pythagorean Theorem. However, most of the students added lengths and angles 
or could not remember the theorem. Another example was that the students remembered 
the theorem but made mistakes due to conceptual misunderstandings about addition of 
exponential numbers (see Figure 39).  
 
Figure 39. Christina’s Student’s Answer for Question 2 of Problem 3 
Most of Maya’s students did not answer this question. One of them wrote that she 
couldn’t remember the formula. Another student multiplied the length with the angle.  
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Problem 3 – Question 3 
For this question, none of Andy’s students could find the correct answer; 
however, explanations and calculations of three students showed that they followed a 
strategy but could not get the answer. Some students did some calculations randomly 
with any number from the question box.  
Three of Diana’s students followed the correct strategy but made mistakes. 
Another seven students did random calculations. 
None of Leo’s students answered this question in a correct way; instead, they 
made some random calculations with no clear strategy. 
All of Richard’s students except one performed random calculations for Question 
3 of Problem 3. This student made one mistake which was the same mistake as Richard 
and Diana (see Figure 40). She used the expenses of reduced diesel consumption instead 
of the savings amount with a kite.  
 
Figure 40. Richard’s Student’s Answer for Question 3 of Problem 3 
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Almost all of Betty’s students left this question blank. Only the students with the 
highest scores solved strategically; however, one of them used the expenses of reduced 
diesel consumption instead of savings, and the other did not calculate the price for the 
saved amount of fuel (see Figure 41). 
 
Figure 41. Betty’s Student’s Answer for Question 3 of Problem 3 
Four of Christina’s students answered this question correctly (see Figure 42). 
 
Figure 42. Christina’s Student’s Answer for Question 3 of Problem 3 
One remarkable solution is presented in Figure 43. Other students performed 
random calculations or nothing.  
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Figure 43. Christina’s Other Student’s Answer for Question 3 of Problem 3 
Only one of Maya’s students answered the question. Other students either left the 
question blank or performed some random calculations with no apparent strategy.  
Problem 4 – Question 1 
Four of Andy’s students gave correct answers with satisfying calculations and 
explanations for Question 1 of Problem 4. Four students did not answer while the other 
four made calculation mistakes. One student answered correctly with no calculation; 
however, she explained her answer as: “Add them up, move the decimal to the left one 
place, then multiply the number by 2, then subtract it from the total cost of the items.”  
Diana’s students gave various answers for this question. Four of them gave 
correct answers, two of them made calculation mistakes, and four of them did not answer 
at all. 
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Five of Leo’s students solved the question, and found the correct answers for each 
case. Figure 44 shows one student’s mistake in calculating percentages. Instead of 
calculating 20% of the numbers, the student divided the numbers by 2. 
 
Figure 44. Leo’s Student’s Answer for Question 1 of Problem 4 
The most significant mistake among Richard’s students was that students did not 
apply the discount to the actual price, thus gave wrong answers. 
An interesting answer among Betty’s students for Question 1 of Problem 4 is 
shown in Figure 45. The student subtracted 20 to calculate the discount instead of 
multiplying the price by 20%. 
 
Figure 45. Betty’s Student’s Answer for Question 1 of Problem 4 
Nine of Christina’s students gave correct answers while two students did not 
calculate the discount, and some students randomly chose the options. A couple of other 
students did the correct calculations but with no explanation (see Figure 46).  
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Figure 46. Christina’s Student’s Answer for Question 1 of Problem 4 
Question 1 of Problem 4 was answered correctly by only two of Maya’s students; 
one of them took 20% off first and then added the item prices; the other explained well, 
but said that she could not remember how to calculate percentages.   
Problem 4 – Question 2 
Most of Andy’s students did not answer this question. Three of them gave similar 
answers in which they used the prices from the previous question, substituted them into 
the equations, and tried to show whether the formula worked.  
Almost all of Diana’s students left Question 2 of Problem 4 blank.  
On the other hand, Leo’s students gave several remarkable explanations. One of 
them chose the first two equations as correct ones because they involved addition and 
subtraction. Figure 47 shows another misunderstanding about percentages, profits, and 
algebraic expressions.  
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Figure 47. Leo’s Student’s Answer for Question 2 of Problem 4 
Another student said: “The 2nd formula is the only correct one because it shows 
that the price without profit is found by subtracting the profit amount times the selling 
price from the selling price.” Another student also explained her choices as: “Only the 
first and last ones would work because in the first one it is adding the profit to the 
wholesale and in the second it already [cannot read] and added the profit to the 
wholesale.” 
Richard’s students generally chose yes or no apparently at random without stating 
any clear strategy. Only one student chose the first equation as correct and said, “Only 
the first one because you are adding the profit,” which implies a conceptual 
misunderstanding about the content.  
Betty’s students gave no meaningful solution or explanation for this question.  
Christina’s students, on the other hand, gave many significant explanations. For 
example, one student said, “The second and last formula are correct because in order to 
find the answer you need to put the w in the front,” while another one said, “The second 
formula is wrong because there are 2s’s in the formula.” Another interesting approach 
that allowed the researcher to see the student’s thinking process is shown in Figure 48. 
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Figure 48. Christina’s Student’s Answer for Question 2 of Problem 4 
There was no remarkable solution or explanation among Maya’s students for 
Question 2 of Problem 4. 
Discussion for Research Question 2 
Research question 2 asked about students’ approaches to solving PISA 
mathematics problems. Students’ solutions and explanations were examined qualitatively. 
By giving teachers’ names, the researcher presented students’ approaches, common 
misunderstandings, unusual solutions and explanations for each question in the 
Mathematics Activity.  
 The qualitative analysis highlighted some common misunderstandings among 
students. Question 1 of Problem 1 was one of the most challenging questions in the MA 
since it required a high level of visual-spatial performance. The most common mistake 
was to draw the side view of the garage with one window. Leo’s students stated that they 
did not understand the question. Question 2 of Problem 1 was also challenging for the 
same reason as in Question 1 of Problem 1, that is, the need for visual-spatial 
performance. Students could not imagine a 3-D form of the roof, and so did not find the 
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correct side length of the roof. Among the teachers, Betty and Christina also made the 
same mistake in this question. Besides this, very few students used the Pythagorean 
Theorem. Mostly, incorrect lengths were used to substitute into incorrect area formulas. 
Even though some students stated that area is found by multiplying height and base, they 
still added the incorrect lengths. For Question 1 of Problem 2, the most common mistake 
was about the understanding of part and whole of the population, which led the 
participants to create the wrong ratio. Although some different correct approaches 
existed, calculating 85% of 2.8 million was common among students. Question 2 of 
Problem 2 showed that many students had trouble with reading and understanding the 
data from the table. They generally compared the wrong group of percentages instead of 
calculating parts or wholes of the populations and comparing them. The most common 
tendency among students in Question 1 and 2 of Problem 3 was to use the numbers 
without a strategy, for the purpose of not leaving the questions blank. Question 3 of 
Problem 3 was another challenging problem in the MA. The main reason was the 
existence of unnecessary information in the question. Also, this question could not be 
solved by using just one formula or operation, as in Question 1 and 2 of the same 
problem. The students needed to understand the given information and what is asked for, 
and make a plan accordingly, as well as being careful about the measurement units. For 
Question 1 of Problem 4, again, miscalculation of percentages caused students to give 
wrong answers. Some students might have also misread or misunderstood the question 
since they did not calculate any discount. Although the majority of the students gave 
either no answer or apparently random answers to Question 2 of Problem 4, the main 
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reason for many wrong answers was that students did not interpret the algebraic 
expression according to the given context.   
Research Question 3 
Research question 3 asked how students describe their problem-solving beliefs 
and their teachers’ mathematics instruction. The Students Beliefs Questionnaire (SBQ) 
comprised two sub-questionnaires: one with the statements about students’ mathematical 
problem-solving beliefs, and the other with the statements about students’ perception of 
how their teacher instructed them. The researcher examined this research question in 
three categories: analysis of students’ statements about their problem-solving beliefs, 
comparison of teachers’ and their students’ answers for the statements about mathematics 
instruction, and comparison of teachers’ and students’ belief questionnaire and 
mathematics activity scores.  
For the first category, the researcher presented frequency tables for each statement 
about students’ mathematical problem-solving beliefs. The tables that were created for 
this purpose included frequencies of each item, as well as separately for public and 
private high school students.  
For the second category, the researcher analyzed the common statements of the 
sections about mathematics instruction in the TBQ and SBQ. For each teacher, the 
frequencies of their students’ answers for the statements about mathematics instruction 
were compared with the teachers’ answers to see how coherent they were.  
In the third category, the researcher calculated the mean scores and standard 
deviations of students’ beliefs questionnaire scores and mathematics activity scores. After 
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that, the researcher provided a table showing these scores by grouping according to each 
teacher as well as presenting teachers’ beliefs questionnaire and mathematics activity 
scores.  
 It is important to note that Diana was the head of the Mathematics Department at 
the private school and she was not teaching at 9th or 10th grade. Since she wanted to 
participate in the study, the researcher used the data of her former students in Andy’s and 
Richard’s classes for the second and the third categories.  
At the end of this section, the researcher made final comments and answered the 
third research question. 
The Analysis of Students’ Statements about Their Problem-Solving Beliefs  
 The researcher analyzed the first sub-questionnaire (part A of the SBQ), which 
had statements about one’s problem-solving beliefs. Twenty-two items in this part were 
examined by creating frequency tables showing frequencies of public and private high 
school students’ answers, separately and totally.  
 Table 21 shows the frequencies of agreement levels of students for the statement 
“I am a strong problem solver in mathematics.” The percentages show that private school 
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Table 21. Frequencies of Students’ Agreement Levels for A1: “I am a strong problem 



















Disagree 0 0 7 13 7 7.7 
Disagree 4 10.8 8 14.8 12 13.2 
Neutral 13 35.1 26 48.1 39 42.9 
Agree 13 35.1 11 20.4 24 26.4 
Strongly 
Agree 7 18.9 2 3.7 9 9.9 
TOTAL 37 100 54 100 91 100 
 
Table 22 presents the frequencies of agreement levels of students for the 
statement “I am challenged by mathematics problems that I cannot immediately solve.”  
Table 22. Frequencies of Students’ Agreement Levels for A2: “I am challenged by 




















0 0 1 1.9 1 1.1 
Disagree 2 5.4 7 13.0 9 9.9 
Neutral 11 29.7 9 16.7 20 22.0 
Agree 17 45.9 28 51.9 45 49.5 
Strongly 
Agree 
7 18.9 9 16.7 16 17.6 
TOTAL 37 100 54 100 91 100 
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Students at the private and public schools showed similar tendencies and mostly 
agreed with this statement.  
Table 23 presents the frequencies of agreement levels of students for the 
statement “I like to try new approaches to a problem that I couldn’t solve.” Although a 
little over 30% of students in both schools stayed neutral, most tended to agree with the 
statement which shows their willingness to try new heuristics during solving problems.  
Table 23. Frequencies of Students’ Agreement Levels for A3: “I like to try new 




















1 2.7 2 3.7 3 3.3 
Disagree 3 8.1 5 9.3 8 8.8 
Neutral 13 35.1 16 29.6 29 31.9 
Agree 15 40.5 22 40.7 37 40.7 
Strongly 
Agree 
5 13.5 9 16.7 14 15.4 
TOTAL 37 100 54 100 91 100 
 
More than half of the students in both schools agreed or strongly agreed with the 
statement: “I do not mind making a mistake when solving a mathematics problem.” (see 
Table 24) 
 
 127  
Table 24. Frequencies of Students’ Agreement Levels for A4: “I do not mind making a 




















1 2.7 4 7.4 5 5.5 
Disagree 10 27.0 9 16.7 19 20.9 
Neutral 6 16.2 12 22.2 18 19.8 
Agree 14 37.8 21 38.9 35 38.5 
Strongly 
Agree 
6 16.2 8 14.8 14 15.4 
TOTAL 37 100 54 100 91 100 
 
Students in both schools showed dispersed agreement levels for the statement 
“Mathematics problems are something that I enjoy a great deal.” Students with a positive 
tendency are almost 30%, while almost 40% of students revealed a negative tendency 
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Table 25. Frequencies of Students’ Agreement Levels for A5: “Mathematics problems 





















5 13.5 7 13.0 12 13.2 
Disagree 8 21.6 16 29.6 24 26.4 
Neutral 13 35.1 16 29.6 29 31.9 
Agree 6 16.2 13 24.1 19 20.9 
Strongly 
Agree 
5 13.5 2 3.7 7 7.7 
TOTAL 37 100 54 100 91 100 
 
Table 26 presents the frequencies of agreement levels of students for the 
statement “Most mathematics problems are frustrating.”  
Table 26. Frequencies of Students’ Agreement Levels for A6: “Most mathematics 





















1 2.7 9 16.7 10 11.0 
Agree 6 16.2 18 33.3 24 26.4 
Neutral 18 48.6 16 29.6 34 37.4 
Disagree 12 32.4 9 16.7 21 23.1 
Strongly 
Disagree 
0 0 2 3.7 2 2.2 
TOTAL 37 100 54 100 91 100 
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Although there are various levels of agreement among all students, half of the 
public school students agreed and strongly agreed with the statement compared to only 
19% of private school students.   
Students showed various response levels for the statement “I like to solve 
mathematics problems related to real-life” (see Table 27), with most being neutral.  
Table 27. Frequencies of Students’ Agreement Levels for A7: “I like to solve 





















2 5.4 2 3.7 4 4.4 
Disagree 6 16.2 13 24.1 19 20.9 
Neutral 15 40.5 26 48.1 41 45.1 
Agree 8 21.6 10 18.5 18 19.8 
Strongly 
Agree 
6 16.2 3 5.6 9 9.9 
TOTAL 37 100 54 100 91 100 
 
 Table 28 shows that the dispersion of students agreement levels is wide for the 
statement “Most mathematics problems, other than the simplest types, take too long to 
solve.” Private school students, however, mostly disagreed with the statement; that is 
different than the tendency of public school students. Although it is hard to understand 
the root of this difference, their teachers’ different choices of mathematics problems 
during instruction could be a reason.  
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Table 28. Frequencies of Students’ Agreement Levels for A8: “Most mathematics 





















2 5.4 7 13.0 9 9.9 
Agree 6 16.2 19 35.2 25 27.5 
Neutral 10 27.0 15 27.8 25 27.5 
Disagree 13 35.1 10 18.5 23 25.3 
Strongly 
Disagree 
6 16.2 3 5.6 9 9.9 
TOTAL 37 100 54 100 91 100 
 
 81% of private school students agreed or strongly agreed with the statement 
“With sufficient time I believe I could be successful at solving most mathematics 
problems” (see Table 29). 55% of public school students showed a similar tendency 
toward the statement, while 37% of them stayed neutral. In total, 66% of the students 
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Table 29. Frequencies of Students’ Agreement Levels for A9: “With sufficient time I 





















0 0 0 0 0 0 
Disagree 1 2.7 4 7.4 5 5.5 
Neutral 6 16.2 20 37.0 26 28.6 
Agree 17 45.9 14 25.9 31 34.1 
Strongly 
Agree 
13 35.1 16 29.6 29 31.9 
TOTAL 37 100 54 100 91 100 
 
 More than half of the students disagreed or strongly disagreed with the statement 
in Table 30, while 23% stayed neutral and almost 20% agreed. 
Table 30. Frequencies of Students’ Agreement Levels for A10: “I tend to think of 





















6 16.2 9 16.7 15 16.5 
Disagree 16 43.2 20 37.0 36 39.6 
Neutral 5 13.5 16 29.6 21 23.1 
Agree 10 27.0 8 14.8 18 19.8 
Strongly 
Agree 
0 0 1 1.9 1 1.1 
TOTAL 37 100 54 100 91 100 
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 For the statement “I would rather have someone tell me how to solve a difficult 
problem than have to work it out for myself,” the dispersion of the percentages of all 
students is wide (see Table 31). However, private and public school students showed 
opposite tendencies. More than half of private school students disagreed or strongly 
disagreed with the statement, while almost 43% of public school students agreed or 
strongly agreed with it. 
Table 31. Frequencies of Students’ Agreement Levels for A11: “I would rather have 





















3 8.1 12 22.2 15 16.5 
Agree 3 8.1 11 20.4 14 15.4 
Neutral 11 29.7 21 38.9 32 35.2 
Disagree 15 40.5 6 11.1 21 23.1 
Strongly 
Disagree 
5 13.5 4 7.4 9 9.9 
TOTAL 37 100 54 100 91 100 
 
 Table 32 shows how much students agree with the statement “I am capable of 
clearly describing my solution method.” Mostly, students tend to have positive or neutral 
beliefs about the statement. However, the majority of private school students agreed or 
strongly agreed, while public school students mainly stayed neutral.  
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Table 32. Frequencies of Students’ Agreement Levels for A12: “I am capable of clearly 





















0 0 3 5.6 3 3.3 
Disagree 2 5.4 8 14.8 10 11.0 
Neutral 12 32.4 23 42.6 35 38.5 
Agree 16 43.2 16 29.6 32 35.2 
Strongly 
Agree 
7 18.9 4 7.4 11 12.1 
TOTAL 37 100 54 100 91 100 
 
 Table 33 shows that little over 40% of the students tended to stick with a problem 
until they solve it, while 33% of them did not state any positive or negative tendency.   
Table 33. Frequencies of Students’ Agreement Levels for A13: “If I cannot solve a 





















2 5.4 2 3.7 4 4.4 
Disagree 7 18.9 12 22.2 19 20.9 
Neutral 9 24.3 21 38.9 30 33.0 
Agree 12 32.4 14 25.9 26 28.6 
Strongly 
Agree 
7 18.9 5 9.3 12 13.2 
TOTAL 37 100 54 100 91 100 
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 A closer look at Table 33 shows that more private school students agreed or 
strongly agreed when compared to public school students: most public school students 
stayed neutral.  
 For the statement “Mathematics problems, generally, are very interesting”, 
students have diverse agreement levels, as expected (see Table 34). Still, public school 
students mostly stayed neutral, while private school students have closer dispersion 
between agreement and disagreement.  
Table 34. Frequencies of Students’ Agreement Levels for A14: “Mathematics problems, 





















1 2.7 4 7.4 5 5.5 
Disagree 11 29.7 8 14.8 19 20.9 
Neutral 12 32.4 29 53.7 41 45.1 
Agree 10 27.0 10 18.5 20 22.0 
Strongly 
Agree 
3 8.1 3 5.6 6 6.6 
TOTAL 37 100 54 100 91 100 
 
 Almost 40% of the students stayed neutral for the statement “The number of rules 
one must learn in mathematics make solving problems difficult” (see Table 35). Almost 
20% of public school students disagreed and 40% of them agreed with the statement. On 
the other hand, 35% of private school students disagreed and 30% of them agreed with 
the statement.   
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Table 35. Frequencies of Students’ Agreement Levels for A15: “The number of rules one 





















3 8.1 7 13.0 10 11.0 
Agree 8 21.6 14 25.9 22 24.2 
Neutral 13 35.1 22 40.7 35 38.5 
Disagree 11 29.7 9 16.7 20 22.0 
Strongly 
Disagree 
2 5.4 2 3.7 4 4.4 
TOTAL 37 100 54 100 91 100 
 
 According to Table 36, students tended to have neutral or positive beliefs for the 
statement  “Real-life problems require synthesizing mathematics knowledge.” 
Table 36. Frequencies of Students’ Agreement Levels for A16: “Real-life problems 





















2 5.4 0 0 2 2.2 
Disagree 4 10.8 4 7.4 8 8.8 
Neutral 16 43.2 23 42.6 39 42.9 
Agree 12 32.4 23 42.6 35 38.5 
Strongly 
Agree 
3 8.1 4 7.4 7 7.7 
TOTAL 37 100 54 100 91 100 
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 Table 37 shows that more than half of the students in both schools disagreed or 
strongly disagreed with the statement “If I cannot solve a problem right away, I tend to 
give up,” which actually represents a positive belief that teachers would hope to see in 
their students. 
Table 37. Frequencies of Students’ Agreement Levels for A17: “If I cannot solve a 





















2 5.4 3 5.6 5 5.5 
Agree 6 16.2 8 14.8 14 15.4 
Neutral 5 13.5 13 24.1 18 19.8 
Disagree 19 51.4 19 35.2 38 41.8 
Strongly 
Disagree 
5 13.5 11 20.4 16 17.6 
TOTAL 37 100 54 100 91 100 
 
Table 38 shows that there is almost equal dispersion among the levels (agree, 
neutral, and disagree) among private school students. On the other hand, more than half 
of the public school students either agreed or strongly agreed with the statement. This 
situation affects the total percentage as well, and almost half of the students report 
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Table 38. Frequencies of Students’ Agreement Levels for A18: “I find it difficult to 





















6 16.2 10 18.5 16 17.6 
Agree 10 27.0 19 35.2 29 31.9 
Neutral 10 27.0 14 25.9 24 26.4 
Disagree 9 24.3 7 13.0 16 17.6 
Strongly 
Disagree 
2 5.4 4 7.4 6 6.6 
TOTAL 37 100 54 100 91 100 
 
 There is no certain tendency among students for the statement “It makes me 
nervous to think about having to solve difficult mathematics problems” (see Table 39), 
although tendencies for “strongly agree” and “strongly disagree” levels are very different 
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Table 39. Frequencies of Students’ Agreement Levels for A19: “It makes me nervous to 





















2 5.4 10 18.5 12 13.2 
Agree 12 32.4 17 31.5 29 31.9 
Neutral 8 21.6 16 29.6 24 26.4 
Disagree 8 21.6 7 13.0 15 16.5 
Strongly 
Disagree 
7 18.9 4 7.4 11 12.1 
TOTAL 37 100 54 100 91 100 
 
 Table 40 shows the frequencies and percentages of students’ agreement levels for 
the statement “I do not particularly like doing difficult mathematics problems.” 
Table 40. Frequencies of Students’ Agreement Levels for A20: “I do not particularly like 





















5 13.5 10 18.5 15 16.5 
Agree 13 35.1 22 40.7 35 38.5 
Neutral 6 16.2 13 24.1 19 20.9 
Disagree 9 24.3 7 13.0 16 17.6 
Strongly 
Disagree 
4 10.8 2 3.7 6 6.6 
TOTAL 37 100 54 100 91 100 
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 Public school students tend to agree with the statement more than private school 
students.  
Most students in both schools stayed neutral for the statement “Trying to discover 
the solution to a new type of mathematics problems is an exciting experience” (see Table 
41). 
Table 41. Frequencies of Students’ Agreement Levels for A21: “Trying to discover the 





















1 2.7 4 7.4 5 5.5 
Disagree 8 21.6 8 14.8 16 17.6 
Neutral 13 35.1 26 48.1 39 42.9 
Agree 10 27.0 12 22.2 22 24.2 
Strongly 
Agree 
5 13.5 4 7.4 9 9.9 
TOTAL 37 100 54 100 91 100 
 
 Table 42 shows that a majority of the students tended to stay neutral for the 
statement “Mathematics problems make me feel as though I am lost in a jungle of 
numbers and cannot find my way out.” However, the dispersion is different between 
private and public school students. Half of the private school students either disagreed or 
strongly disagreed with this statement; on the other hand, majority of the public school 
students either agreed or strongly agreed with it.  
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Table 42. Frequencies of Students’ Agreement Levels for A22: “Mathematics problems 





















2 5.4 8 14.8 10 11.0 
Agree 2 5.4 16 29.6 18 19.8 
Neutral 14 37.8 21 38.9 35 38.5 
Disagree 11 29.7 5 9.3 16 17.6 
Strongly 
Disagree 
8 21.6 4 7.4 12 13.2 
TOTAL 37 100 54 100 91 100 
 
Comparison of the Teachers’ and Students’ Answers for the Statements about 
Mathematics Instruction  
The Teachers Beliefs Questionnaire (TBQ) and Students Beliefs Questionnaire 
(SBQ) had some differences in sub-questionnaire B (statements about one’s mathematics 
instruction). The TBQ has more items compared to the SBQ. Besides that the numeration 
and expression of the common statements between the questionnaires are different since 
they were altered for teachers and students. The researcher used the numeration in the 
TBQ for the correspondent statement in the SBQ (for example, B2 in the TBQ 
corresponds to B1 in the SBQ) in the tables; however, she used the expression of the 
statements in the SBQ when explaining them here for clarity. The researcher compared 
the statements of each teacher with those of their students. Table 43 and Table 44 show 
Andy’s and his students’ agreement levels for these statements, respectively. 
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Table 43. Andy’s agreement levels for the statements about mathematics instruction 
 
Table 44. Andy’s students’ agreement levels for the statements about mathematics instruction 
 B2 B5 B6 B8 B9 B10 B12 B13 B14 B15 B16 
Strongly 
Disagree 
0 4 3 0 0 0 2 0 1 0 4 
Disagree 5 2 6 0 2 4 2 0 3 1 2 
Neutral 5 1 1 0 3 2 4 1 3 4 3 
Agree 2 2 1 5 5 3 2 6 4 6 2 
Strongly 
Agree 
0 3 1 7 2 3 2 5 1 1 1 
TOTAL 12 12 12 12 12 12 12 12 12 12 12 









Neutral Agree Neutral 
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Andy and his students showed similar agreement levels for the statements B2 (It 
is better for me to see how to solve problems than to let me discover it on my own), B8 
(My teacher encourages me to check my answers to problems to see if the answers 
actually make sense), B13 (My teacher emphasizes that there are often many different 
ways to solve the same problem), and B15 (My teacher encourages me to adopt a stop-
and-think attitude when solving problems). On the other hand, Andy and his students 
showed conflicting agreement levels for the statement B6 (Hearing different ways to 
solve the same problem confuses me). For the statements B5 (I need to be given the 
correct answers to all of the problems I work), B9 (Using different representatives help 
me to improve my problem-solving skills), B10 (My teacher encourages me to try and 
think of a similar problem if I cannot see how to solve the given problem), B12 (I need a 
step-by-step plan to follow in order to solve problems), B14 (My teacher encourages me 
to use trial-and-error procedures when solving many mathematics problems), and B16 (I 
like to solve mathematics problems related to real-life situations in my math class), 
students generally did not show a tendency towards a certain level of agreement.  
Table 45 and Table 46 show Diana’s and her students’ agreement levels for the 




Table 45. Diana’s agreement levels for the statements about mathematics instruction 



















Agree Agree Agree 
 
Table 46. Diana’s students agreement levels for the statements about mathematics instruction 
 B2 B5 B6 B8 B9 B10 B12 B13 B14 B15 B16 
Strongly 
Disagree 
0 2 1 0 0 0 0 0 0 0 1 
Disagree 3 1 5 0 0 2 2 0 1 0 2 
Neutral 3 1 1 1 4 2 3 0 2 4 3 
Agree 3 4 1 3 5 3 2 5 6 4 3 
Strongly 
Agree 
1 2 2 6 1 3 3 5 1 2 1 
TOTAL 10 10 10 10 10 10 10 10 10 10 10 
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Diana and her students showed similar agreement levels for the statements B6 
(Hearing different ways to solve the same problem confuses me), B8 (My teacher 
encourages me to check my answers to problems to see if the answers actually make 
sense), B9 (Using different representatives help me to improve my problem-solving 
skills), B13 (My teacher emphasizes that there are often many different ways to solve the 
same problem), B14 (My teacher encourages me to use trial-and-error procedures when 
solving many mathematics problems), and B15 (My teacher encourages me to adopt a 
stop-and-think attitude when solving problems). On the other hand, Diana and her 
students showed conflicting agreement levels for the statements B5 (I need to be given 
the correct answers to all of the problems I work) and B12 (I need a step-by-step plan to 
follow in order to solve problems). For the statements B2 (It is better for me to see how 
to solve problems than to let me discover it on my own), B10 (My teacher encourages me 
to try and think of a similar problem if I cannot see how to solve the given problem), and 
B16 (I like to solve mathematics problems related to real-life situations in my math 
class), students generally did not show a tendency towards a certain level of agreement.  
Table 47 and Table 48 show Leo’s and his students’ agreement levels for the 






Table 47. Leo’s agreement levels for the statements about mathematics instruction 


























Table 48. Leo’s students agreement levels for the statements about mathematics instruction 
 B2 B5 B6 B8 B9 B10 B12 B13 B14 B15 B16 
Strongly 
Disagree 
1 1 2 0 0 1 0 3 3 2 1 
Disagree 1 7 6 1 1 4 6 2 3 3 2 
Neutral 8 3 3 5 9 4 7 2 3 4 6 
Agree 2 1 4 7 4 6 1 7 6 5 7 
Strongly 
Agree 
4 4 1 3 2 1 2 2 1 2 0 
TOTAL 16 16 16 16 16 16 16 16 16 16 16 
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Leo’s students generally represent dispersed agreement levels. Half of the 
students disagreed with the statement B5 (I need to be given the correct answers to all of 
the problems I work) which is similar to Leo’s answer. Most students showed positive 
agreement with the statement B8 (My teacher encourages me to check my answers to 
problems to see if the answers actually make sense) which is also similar to Leo’s 
answer. Although six students showed similar tendencies with Leo for the statement B9 
(Using different representatives help me to improve my problem-solving skills), most of 
them stayed neutral. For the statement B13 (My teacher emphasizes that there are often 
many different ways to solve the same problem), most students showed similar 
tendencies with Leo even though there are students who disagreed. Even though most 
students stayed neutral for the statement B2 (It is better for me to see how to solve 
problems than to let me discover it on my own), rest of the students mainly disagreed 
with their teacher. For the statements B6 (Hearing different ways to solve the same 
problem confuses me), B10 (My teacher encourages me to try and think of a similar 
problem if I cannot see how to solve the given problem), B12 (I need a step-by-step plan 
to follow in order to solve problems), B14 (My teacher encourages me to use trial-and-
error procedures when solving many mathematics problems), B15 (My teacher 
encourages me to adopt a stop-and-think attitude when solving problems), and B16 (I like 
to solve mathematics problems related to real-life situations in my math class) it is hard 
to detect similarities or disagreements between Leo’s answer and students’ answers since 
students chose dispersed agreement levels for each statement. 
Table 49 and Table 50 show Richard’s and his students’ agreement levels for the 
statements about mathematics instruction, respectively. 
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Table 49. Richard’s agreement levels for the statements about mathematics instruction 
 B2 B5 B6 B8 B9 B10 B12 B13 B14 B15 B16 
Richard’s 
Answer 














Table 50. Richard’s students agreement levels for the statements about mathematics instruction 
 B2 B5 B6 B8 B9 B10 B12 B13 B14 B15 B16 
Strongly 
Disagree 
0 0 2 0 0 0 0 0 0 0 1 
Disagree 0 2 2 0 0 0 1 0 1 0 2 
Neutral 4 3 1 1 4 4 2 0 2 4 4 
Agree 4 3 3 4 5 3 4 4 4 2 2 
Strongly 
Agree 
1 1 1 4 0 2 2 5 2 3 0 
TOTAL 9 9 9 9 9 9 9 9 9 9 9 
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Richard and his students showed similar agreement levels for the statements B8 
(My teacher encourages me to check my answers to problems to see if the answers 
actually make sense), B9 (Using different representatives help me to improve my 
problem-solving skills), B13 (My teacher emphasizes that there are often many different 
ways to solve the same problem), and B14 (My teacher encourages me to use trial-and-
error procedures when solving many mathematics problems). On the other hand, Richard 
and his students showed conflicting agreement levels for the statement B2 (It is better for 
me to see how to solve problems than to let me discover it on my own). For the 
statements B5 (I need to be given the correct answers to all of the problems I work), B6 
(Hearing different ways to solve the same problem confuses me), B10 (My teacher 
encourages me to try and think of a similar problem if I cannot see how to solve the given 
problem), B12 (I need a step-by-step plan to follow in order to solve problems), B15 (My 
teacher encourages me to adopt a stop-and-think attitude when solving problems), and 
B16 (I like to solve mathematics problems related to real-life situations in my math 
class), students generally did not show a tendency towards any particular level of 
agreement.  
Table 51 and Table 52 show Betty’s and her students’ agreement levels for the 








Table 51. Betty’s agreement levels for the statements about mathematics instruction 
 B2 B5 B6 B8 B9 B10 B12 B13 B14 B15 B16 
Betty’s 
Answer 
Agree Agree Neutral Agree Neutral Agree Agree Agree Agree Agree Neutral 
 
Table 52. Betty’s students agreement levels for the statements about mathematics instruction 
 B2 B5 B6 B8 B9 B10 B12 B13 B14 B15 B16 
Strongly 
Disagree 
0 1 2 0 0 0 0 0 1 0 0 
Disagree 2 3 6 0 0 2 1 1 1 0 5 
Neutral 8 8 4 1 8 6 10 4 7 8 13 
Agree 6 4 4 14 10 10 5 10 8 10 1 
Strongly 
Agree 
4 4 4 5 2 2 4 5 3 2 1 
TOTAL 20 20 20 20 20 20 20 20 20 20 20 
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Betty and her students showed similar agreement levels for the statements B2 (It 
is better for me to see how to solve problems than to let me discover it on my own), B8 
(My teacher encourages me to check my answers to problems to see if the answers 
actually make sense), B9 (Using different representatives help me to improve my 
problem-solving skills), B10 (My teacher encourages me to try and think of a similar 
problem if I cannot see how to solve the given problem), B13 (My teacher emphasizes 
that there are often many different ways to solve the same problem), B15 (My teacher 
encourages me to adopt a stop-and-think attitude when solving problems), and B16 (I like 
to solve mathematics problems related to real-life situations in my math class). No 
statements showed a clear conflict between Betty’s answers and those of her students. 
Students generally showed no significant tendency towards a certain level of agreement 
for the statements B5 (I need to be given the correct answers to all of the problems I 
work), B6 (Hearing different ways to solve the same problem confuses me), B12 (I need 
a step-by-step plan to follow in order to solve problems), and B14 (My teacher 
encourages me to use trial-and-error procedures when solving many mathematics 
problems). 
Table 53 and Table 54 show Christina’s and her students’ agreement levels for the 
statements about mathematics instruction. 
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Table 53. Christina’s agreement levels for the statements about mathematics instruction 
 B2 B5 B6 B8 B9 B10 B12 B13 B14 B15 B16 
Christina’s 
Answer 










Neutral Agree Agree 
 
Table 54. Christina’s students agreement levels for the statements about mathematics instruction 
 B2 B5 B6 B8 B9 B10 B12 B13 B14 B15 B16 
Strongly 
Disagree 
1 2 2 0 0 0 1 0 0 1 1 
Disagree 1 6 4 0 1 1 1 3 1 2 4 
Neutral 7 9 14 6 9 9 7 8 11 7 16 
Agree 11 4 5 12 14 14 9 10 10 12 5 
Strongly 
Agree 
7 6 2 9 3 3 9 6 5 5 1 
TOTAL 27 27 27 27 27 27 27 27 27 27 27 
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Christina and her students showed similar agreement levels for the statements B8 
(My teacher encourages me to check my answers to problems to see if the answers 
actually make sense), B9 (Using different representatives help me to improve my 
problem-solving skills), B10 (My teacher encourages me to try and think of a similar 
problem if I cannot see how to solve the given problem), B12 (I need a step-by-step plan 
to follow in order to solve problems), and B15 (My teacher encourages me to adopt a 
stop-and-think attitude when solving problems). On the other hand, Christina and her 
students showed different tendencies for the statements B2 (It is better for me to see how 
to solve problems than to let me discover it on my own) and B13 (My teacher emphasizes 
that there are often many different ways to solve the same problem). Students generally 
showed no significant tendency towards any particular level of agreement for the 
statements B5 (I need to be given the correct answers to all of the problems I work), B6 
(Hearing different ways to solve the same problem confuses me), B14 (My teacher 
encourages me to use trial-and-error procedures when solving many mathematics 
problems) and B16 (I like to solve mathematics problems related to real-life situations in 
my math class).  
Table 55 and Table 56 show Maya’s and her students’ agreement levels for the 
statements about mathematics instruction. 
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Table 55. Maya’s agreement levels for the statements about mathematics instruction 
 B2 B5 B6 B8 B9 B10 B12 B13 B14 B15 B16 
Maya’s 
Answer 






Agree Agree Agree Neutral 
 
Table 56. Maya’s students agreement levels for the statements about mathematics instruction 
 B2 B5 B6 B8 B9 B10 B12 B13 B14 B15 B16 
Strongly 
Disagree 
0 0 0 0 1 0 0 0 0 0 0 
Disagree 0 1 3 0 1 1 0 0 0 1 2 
Neutral 3 2 3 1 0 1 3 0 2 3 3 
Agree 1 4 0 4 3 4 1 5 5 3 1 
Strongly 
Agree 
3 0 1 2 2 1 3 2 0 0 1 




Maya and her students showed similar agreement levels for the statements B5 (I 
need to be given the correct answers to all of the problems I work), B8 (My teacher 
encourages me to check my answers to problems to see if the answers actually make 
sense), B9 (Using different representatives help me to improve my problem-solving 
skills), B10 (My teacher encourages me to try and think of a similar problem if I cannot 
see how to solve the given problem), B13 (My teacher emphasizes that there are often 
many different ways to solve the same problem), and B14 (My teacher encourages me to 
use trial-and-error procedures when solving many mathematics problems). For the 
statement B2 (It is better for me to see how to solve problems than to let me discover it 
on my own), Maya and her students presented opposite tendencies. For the statements B6 
(Hearing different ways to solve the same problem confuses me), B12 (I need a step-by-
step plan to follow in order to solve problems), B15 (My teacher encourages me to adopt 
a stop-and-think attitude when solving problems) and B16 (I like to solve mathematics 
problems related to real-life situations in my math class) there were no significant 
agreements or disagreements between Maya and her students. 
Comparison of Teachers’ and Students’ Belief Questionnaire and Mathematics 
Activity Scores 
The Teachers Beliefs Questionnaire and Students Beliefs Questionnaire had all 
statements of sub-questionnaire A (statements about one’s own problem-solving beliefs) 
in common; however, there were some differences in sub-questionnaire B (statements 
about one’s mathematics instruction). For this reason, the researcher subtracted the points 
which teachers received from the uncommon statements in sub-questionnaire B and then 
evaluated new teachers’ scores for this part. Since there was no sub-questionnaire C in 
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the SBQ (statements about teachers’ evaluation of their students in the TBQ), the total 
scores were calculated by adding the scores of sub-questionnaires A and B. After that, the 
researcher compared the new total Belief Questionnaire (BQ) scores of teachers and their 
students. The researcher prepared Table 57 to present mean values and standard 
deviations of students’ BQ and MA (Mathematics Activity) scores, as well as their 
teachers’ BQ and MA scores by grouping them for each teacher. To create a reader-
friendly table, the researcher preferred to use “BQ” instead of “SBQ” since Table 57 
presented scores of both teachers and students.  
Mean values of BQ showed that Andy’s students received lower scores for their 
problem-solving beliefs but had almost the same level of beliefs about their mathematics 
instruction. The mean value of MA showed that Andy’s students’ problem-solving skills 
are much lower than Andy’s problem-solving skills with a big standard deviation. 
Mean values and standard deviations of BQ scores showed that Diana’s students 
had more negative problem-solving beliefs about themselves and their perception of 
mathematics instruction. The mean value of MA showed that Diana’s students’ problem-
solving skills are much lower than Diana’s problem-solving skills. 
The mean values of BQ showed that Leo’s students had more negative problem-
solving beliefs about themselves and their mathematics learning environment. The mean 
value of MA showed that Leo’s students’ problem-solving skills are much lower than 





Table 57. Belief Questionnaire and Mathematics Activity Scores of Each Teacher and 
Their Students 








Andy’s Students  
Mean Value 
(Standard Deviation) 
76.67           
(18.77) 






Andy 89 37 126 27 
Diana – Students 
Mean Value 
(Standard Deviation) 
69.8             
(19.49) 






Diana 104 48 152 26 
Leo – Students 
Mean Value 
(Standard Deviation) 
72.13           
(11.33) 






Leo 103 51 154 23 
Richard – Students 
Mean Value 
(Standard Deviation) 
68.78             
(7.53) 






Richard 93 48 141 25 
Betty – Students 
Mean Value 
(Standard Deviation) 
65.15             
(11.2) 






Betty 83 37 120 22 
Christina – Students 
Mean Value 
(Standard Deviation) 
65.96           
(11.96) 






Christina 83 38 121 23 
Maya – Students 
Mean Value 
(Standard Deviation) 
66.43           
(10.74) 






Maya 75 42 117 10 
 
The mean values of BQ showed that Richard’s students had more negative 
problem-solving beliefs about themselves and their perception of their mathematics 
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instruction. The mean value of MA showed that Richard’s students’ problem-solving 
skills are much lower than Richard’s problem-solving skills. 
The mean values of BQ showed that Betty’s students had more negative problem-
solving beliefs about themselves, but almost the same level of beliefs about their 
mathematics instruction. The mean value of MA showed that Betty’s students’ problem-
solving skills are very much lower than Betty’s problem-solving skills. 
The mean values of BQ showed that Christina’s students had more negative 
problem-solving beliefs about themselves, but almost the same level of beliefs about their 
mathematics learning environment. The mean value of MA showed that Christina’s 
students’ problem-solving skills are very much lower than Christina’s problem-solving 
skills. 
The mean values of BQ showed that Maya’s students had more negative problem-
solving beliefs about themselves and their mathematics learning environment. The mean 
value of MA showed that Maya’s students’ problem-solving skills are closer to Maya’s 
problem-solving skills. 
Discussion for Research Question 3 
Research question 3 asked about how students perceive their problem-solving 
beliefs and their teachers’ mathematics instruction. The researcher tried to answer the 
third research question by analyzing the Students Beliefs Questionnaire (SBQ), which 
had two sub-questionnaires: one with the statements about students’ mathematical 
problem-solving beliefs, and the other with the statements about students’ perception of 
how their teacher instructed them. The analyses were grouped into three categories.  
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In the first category, the researcher analyzed each statement in the first sub-
questionnaire of the SBQ (statements about students’ mathematical problem-solving 
beliefs). The frequency tables were created by grouping the students according to the 
school type since it is one of the main differences among the student participants of this 
study. 
The frequencies for the statement “I am a strong problem solver in mathematics” 
showed that students do not see themselves as strong problem solvers, although private 
school students had more positive beliefs in themselves compared to the ones in public 
school. As compatible with this statement, students mostly agreed with the statement “I 
am challenged by mathematics problems that I cannot immediately solve” as well. 
Students mainly tended to agree with the statement “I do not particularly like doing 
difficult mathematics problems.” They, however, showed no certain tendency for the 
statement “It makes me nervous to think about having to solve difficult mathematics 
problems.” On the other hand, a little over 40% of the students tended to stick with a 
problem until they solve it, and most students stated that they were willing to try new 
approaches during solving problems. Similarly, more than half of the students in both 
schools disagreed or strongly disagreed with the statement “If I cannot solve a problem 
right away, I tend to give up,” which actually represents a positive belief that teachers 
would hope to see in their students. Also, more than half of the students stated that they 
did not mind making mistakes when solving problems, which can be seen as belief 
helpful to those seeking to improve their problem solving skills.  
Students demonstrated different agreement levels for the statement “Mathematics 
problems are something that I enjoy a great deal,” although there were slightly more 
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students who disagreed with it. Still, public school students mostly stayed neutral, while 
private school students showed a closer dispersion between agreement and disagreement. 
For the statement “Mathematics problems, generally, are very interesting,” students also 
had diverse agreement levels. This is an expected result since mathematics is one of the 
courses with which students have difficulty. More than half of the students disagreed or 
strongly disagreed with the statement “I tend to think of mathematics problems as being 
more like games than hard work.” Coherently, half of the public school students agreed 
and strongly agreed with the statement “Most mathematics problems are frustrating.” 
However, only 19% of private school students agreed with it. Most students in both 
schools stayed neutral for the statement “Trying to discover the solution to a new type of 
mathematics problems is an exciting experience.” Similarly, almost 40% of the students 
stayed neutral for the statement “The number of rules one must learn in mathematics 
make solving problems difficult,” even though public and private school students showed 
opposite agreement and disagreement levels.  
A majority of the students tended to stay neutral for the statement “Mathematics 
problems make me feel as though I am lost in a jungle of numbers and cannot find my 
way out.” However, half of the private school students either disagreed or strongly 
disagreed with this statement, while a majority of the public school students either agreed 
or strongly agreed with it. Similarly, the dispersion of the percentages of all students is 
wide for the statement “I would rather have someone tell me how to solve a difficult 
problem than have to work it out for myself.” Again, private and public school students 
showed opposite tendencies. More than half of private school students disagreed or 
strongly disagreed with the statement, while almost 43% of public school students agreed 
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or strongly agreed with it. Most students also tended to have positive or neutral beliefs 
about the statement “I am capable of clearly describing my solution method.” However, 
the majority of private school students agreed or strongly agreed, while public school 
students mainly stayed neutral. 
Private school students mostly disagreed with the statement “Most mathematics 
problems, other than the simplest types, take too long to solve;” that is different than the 
tendency of public school students. In a compatible manner, 81% of private school 
students agreed or strongly agreed with the statement “With sufficient time I believe I 
could be successful at solving most mathematics problems,” while only half of the public 
school students showed a similar tendency for this statement. On the other hand, almost 
half of the students reported finding it hard to concentrate on mathematics problems for a 
very long period of time.   
In terms of problems with real-life contexts, students had mostly neutral beliefs 
for the statements  “Real-life problems require synthesizing mathematics knowledge,” 
and  “I like to solve mathematics problems related to real-life.” 
For the second category (comparison of teachers’ and students’ answers for the 
statements about mathematics instruction) and third category (comparison of teachers’ 
and students’ belief questionnaire and mathematics activity scores), it is crucial to note 
that no direct relationship can be drawn statistically between problem-solving beliefs and 
skills of teachers and their students, since there are many factors affecting the 
development of individuals’ problem-solving beliefs and skills such as curriculum 
coherence, assessment methods like the Regents, classroom size, being an English 
language learner, socioeconomic status, and parents’ education.  
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In the second category, teachers and their students generally showed similar 
agreement levels for the statements “My teacher encourages me to check my answers to 
problems to see if the answers actually make sense,” “Using different representatives 
help me to improve my problem-solving skills,” and “My teacher emphasizes that there 
are often many different ways to solve the same problem.” There was conflict between 
four teachers and their students only for the statement “It is better for me to see how to 
solve problems than to let me discover it on my own.” No significant coherence was 
found for the statements “I need to be given the correct answers to all of the problems I 
work;” “Hearing different ways to solve the same problem confuses me;” “My teacher 
encourages me to try and think of a similar problem if I cannot see how to solve the given 
problem;” “I need a step-by-step plan to follow in order to solve problems;” “My teacher 
encourages me to use trial-and-error procedures when solving many mathematics 
problems;” “My teacher encourages me to adopt a stop-and-think attitude when solving 
problems;” and “I like to solve mathematics problems related to real-life situations in my 
math class.” 
In the third category, the analysis showed that the students of Diana, Leo, 
Richard, and Maya had lower BQ scores in both sub-questionnaires A (the statements 
about their problem-solving beliefs) and B (the statements about their perspectives on 
their mathematics instruction) compared to their teachers. On the other hand, the students 
of Andy, Betty, and Christina had lower sub-questionnaire A scores compared to their 
teachers, but almost the same level of sub-questionnaire B scores as did their teachers. 
Students generally received much lower MA scores when compared with their teachers. 
Only Maya’s students received similar scores to Maya’s score. A reason for this apparent 
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anomaly might be that Maya could not finish the MA on time due to the lengthiness of 
the problems. Her students might have had the same issue.  
The comparison between public school and private school students’ mean scores 
for sub-questionnaire A of the SBQ (the statements about their problem-solving beliefs) 
showed that the students at the public school had slightly lower mean scores, while public 
and private school students had similar mean scores for sub-questionnaire B of the SBQ 
(the statements about their perspectives on their mathematics instruction).  
The students at the private school received slightly higher MA mean scores 
compared to their counterparts at the public school. The reason for this result might be 
teachers’ enhanced educational and professional background and work environment, 








SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 
 
In this chapter, the researcher summarizes the need, purpose, and methodology of 
this study. Then, the conclusions from the data analysis for the first research question are 
presented, looking at the implications of both the quantitative and the qualitative analysis, 
and highlighting the differences seen between teachers. The conclusions for the second 
research question, focusing on students’ approaches in solving PISA mathematics 
problems, are given. After that, the researcher explains the conclusions for the third 
research question, analyzing students’ beliefs about their problem-solving skills and their 
teachers’ mathematics instruction. Finally, the researcher provides recommendations for 
the field, and summarizes the limitations of this current study, which lead to 
recommendations for future research. 
Summary 
           Mathematical problem solving has been studied from many viewpoints: 
mathematical content knowledge, heuristics, and belief systems (Schoenfeld, 1985). The 
gap in the literature pointed out the need for a study conducted with in-service high 
school mathematics teachers and their students about their mathematical problem-solving 
beliefs and skills. For this reason, the researcher designed a research study which adopted 
a mixed methods approach, employing belief questionnaires and mathematics activities.  
The purpose of the study was to examine the relationship among high school 
mathematics teachers’ backgrounds, beliefs, and skills about mathematical problem 
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solving, and to examine students’ approaches and beliefs related to mathematical 
problem-solving, and their description of how they perceive their teachers’ mathematics 
instruction.  
           To satisfy the purpose of the study, the researcher invited high school mathematics 
teachers and their students in the 9th and 10th grades to participate in the study. The grades 
of students were determined based on the level of mathematics problems used in the data 
collection instrument. Among many schools, two agreed to participate; one public and 
one private high school in the New York City area. These schools operated with many 
differences in terms of educational philosophies and aims, populations, ethnicities, and 
the socioeconomic status of their students. Four teachers and thirty-seven students from 
the private high school, and three teachers and fifty-four students from the public high 
school participated in the study. One of the teachers at the private school was the 
Mathematics Department Chair, and she was not teaching 9th or 10th grades during data 
collection. The data of her former students in other teachers’ classes was used to answer 
the research question. 
           Three data collection instruments were prepared for this study. The first one was 
the Background/Opinion Questionnaire (BOQ) for teachers, in an attempt to understand 
their educational and vocational background. The second instrument was a problem-
solving belief questionnaire with two versions; one for teachers – the Teachers Beliefs 
Questionnaire (TBQ), and one for students – the Students Beliefs Questionnaire (SBQ). 
The last instrument was the Mathematics Activity (MA), which includes four 
mathematics problems with real-life contexts. 
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The BOQ comprised twenty-nine multiple-choice and open-ended questions 
asking for teachers’ initial educational, vocational backgrounds, professional 
development activities, preferred instructional approaches and practices, and opinions 
about international standardized tests. The TBQ consisted of forty-three Likert-scale 
items, which were grouped into three categories: statements about oneself, one’s 
mathematics instruction, and one’s students. The SBQ, on the other hand, was comprised 
of thirty-three Likert-scale items of two types: statements about one’s mathematical 
problem-solving beliefs and statements about one’s perception of their teacher’s 
instruction. The researcher used PISA (Program for International Student Assessment) 
items in the MA by converting them into an open-ended format to observe participants’ 
problem-solving processes. 
The data gathered through the instruments were analyzed both in qualitative and 
quantitative ways. The qualitative analyses of the instruments provided insight into the 
quantitative analyses of the instruments. The BOQ helped to portray teachers’ profiles. It 
was also used to support the findings from the other data collection instruments. The 
researcher calculated the sub-questionnaire and overall scores for the TBQs and SBQs, 
and graded the MAs of both groups of participants. After grading the papers, the 
researcher analyzed the belief questionnaires and the mathematics activity quantitatively 
by using mean values and statistical tests. Later, the researcher compared teachers’ 
answers for TBQ items to see whether there was any conflict among them. If there were 
any significant differences, the researcher tried to explain them with the information 
gathered with the BOQ. Common misunderstandings, explanations, and unusual solutions 
in the MA were examined for both teachers and students. To answer the first research 
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question, the researcher combined the analyses of TBQ and MA results and tried to 
address the arisen issues with the information gathered from the BOQ. To answer the 
second research question, the researcher examined students’ Mathematics Activity papers 
and grouped the common misunderstandings, unusual solutions and explanations for each 
question. To address the third research question, the researcher examined Students’ 
Beliefs Questionnaire (SBQ), prepared frequency tables for the statements about 
students’ mathematical problem-solving beliefs, compared students’ answers with their 
teachers’ answers for the common statements of the sections about mathematics 
instruction in the TBQ and SBQ. Lastly, the researcher calculated the mean scores and 
standard deviations of students’ beliefs questionnaire scores and mathematics activity 
scores, and presented them with a table by grouping them for each teacher.  
Conclusions 
By using a mixed-method approach, this study sought to answer three research 
questions. As such, answers to these questions are discussed in the following sections: 
1. How do prior problem-solving experiences affect high school mathematics 
teachers’ problem-solving beliefs and skills? 
2. What are students’ approaches to solving PISA mathematics problems? 
3. How do students describe their problem-solving beliefs and their teachers’ 
mathematics instruction? 
Research Question 1 
           The first research question sought to investigate the effects of teachers’ 
backgrounds on their problem-solving beliefs and skills. Statistical analysis did not reveal 
  
167 
any significant correlation between teachers’ MA scores, TBQ scores, and BOQ 
variables, such as the highest degree earned, years of experience, and gender. There was, 
however, a significant difference based on whether the teachers were from the public 
school or private school. 
The qualitative analysis of the BOQ provided more information to answer the 
research question. First of all, the teachers at the private school were all white and 
approximately the same age, whereas the ones at the public school were all Asian and 
were of diverse age groups. Their work experiences also varied: teachers at the private 
school had work experiences in a range of three to ten years, while public school 
teachers’ experiences ranged between one and twenty years. It is noteworthy that 
Christina, one of the teachers at the public school, has a bachelor’s degree in science 
education but not in mathematics education. Similarly, another public school teacher, 
Maya, has a graduate degree in science education. 
           Details about teachers’ undergraduate and graduate programs highlighted how 
much teachers engaged in problem solving during their education. Maya said that she did 
not take any courses related to problem solving, whereas Betty stated that she took a 
mathematics content course and learned how to teach through solving problems 
encountered. Christina took a mathematics course about problem solving. On the other 
hand, Andy, Diana, Leo, and Richard, the teachers at the private school, appeared to have 
had a more detailed learning experience concerning problem solving. Three of them 
graduated from the same graduate school with different degrees. They indicated that they 
took problem-solving courses and mentioned classic names in the field of mathematical 
problem solving. Moreover, the diversity and frequency of professional development 
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activities were much greater among private school teachers compared to their 
counterparts at the public school. 
As a result of their educational backgrounds, the private school teachers also 
tended to incorporate more problem solving during their instruction. The private school 
teachers emphasized the opportunity of having departmental and administrative freedom 
in terms of creating and applying their curriculum. On the other hand, Betty, a public 
school teacher, explained the reason for not implementing problem solving very often: 
“You have to make your own time and sacrifice some topics.” Maya explained why she 
could not focus on problem solving more than a few times a week: “The students have 
different levels of foundations and knowledge. A lot of time, you need to take it slowly to 
accommodate the needs of the lower-achieved students.” Teachers answered a question 
about the methods they used during instruction. The results revealed that teachers at the 
private school practiced methods requiring more developed problem-solving skills, such 
as posing problems for which students have no solution method in advance. Conversely, 
Betty and Christina chose a method where, “Teacher models how to solve a problem and 
then has students solve similar problems” as their top method, which does not leave much 
room for students to improve their critical thinking and problem-solving skills. 
The answers to the questions about international standardized tests showed that 
teachers displayed a lack of knowledge about these tests, especially about their content; 
extensive information that can shed light on many educational issues in a given country. 
           The analysis of TBQ items showed that school type (working at a private or public 
school) was significantly correlated with teachers’ beliefs, especially beliefs about their 
problem-solving skills and their students’ skills. Also, being a novice or experienced 
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teacher created some nuances between teachers on certain items; for example, Christina 
strongly disagreed with the statement, “I like to stress with my students that there are 
often many different ways to solve the same problem,” while all other teachers agreed. 
The analysis of the mathematics activity showed that the highest correlations, 
statistically, occurred between years of work experience and MA scores. Contrary to 
what might be expected, however, two more experienced teachers, Betty and Maya, 
received lower scores in the MA in this study. Also, Maya could not finish solving all 
problems in the given time, due to, she felt, the problems’ lengths. She was also 
concerned about her students’ performances, since some of her students were English 
language learners. In general, the private school teachers received higher scores 
compared to the public school teachers. The qualitative analysis of the MA revealed 
common explanations, misunderstandings, and some distinct approaches.  
To summarize, the analysis demonstrated that taking courses about problem 
solving in graduate school, participating in problem-solving-related professional 
development activities, and having freedom in the workplace to adopt more problem-
solving-centered instruction affected teachers’ problem-solving skills and beliefs 
positively. 
Research Question 2 
The second research question sought to examine students’ approaches to solving 
PISA mathematics problems qualitatively. The researcher analyzed students’ approaches, 
common misunderstandings, unusual solutions and explanations for each question in the 




 Here, it is crucial to emphasize that the results for this research question were 
obtained only for some of the PISA 2012 items, which were chosen with an attempt to 
attain a fair balance between different mathematics contents and processes. The use of 
different PISA items might have yielded other various conclusions.  
The qualitative analysis of mathematics activities revealed that, almost for all 
questions in the MA, the most common approach among students was to perform random 
calculations with no apparent strategy except somehow using the numbers given in the 
problem. Questions involving geometry and requiring visual-spatial performance were 
challenging for students. They had trouble with visualization of an object from a different 
perspective. Thus, they could not find the correct lengths. Students also had difficulty in 
remembering correct formulas and substituting the values into the equations. For 
instance, in Question 2 of Problem 1, students added incorrect lengths even though they 
stated that area is found by multiplying height and base.  
Another issue that students struggled with was calculating percentages of a whole 
and finding the whole when part of it is given. Students generally created erroneous ratios 
between parts and wholes. Some questions involved charts which require students to read 
data and solve the question accordingly. However, most students had difficulty in reading 
the charts and using the correct data. For example, in Question 2 of Problem 2, some 
students did not understand which part of the chart provided information about certain 
part of a population or a whole of the population. Some students used one particular 
country’s data even though it was not called for to answer the question.  
Also, most students experienced difficulties in understanding a problem and 
coming up with a plan to solve it. Question 3 of Problem 3 was especially challenging for 
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many students because of the unnecessary information that students needed to eliminate, 
and because of the length of the question. The reason of this situation might be the 
difference between the types of problems in the mathematics curriculum and assessments 
at these schools, and the types of problems in PISA. Another issue in Problem 3 was that 
students did not consider the units of the values when performing calculations.  
Moreover, students misinterpreted the algebraic expressions in Question 2 of 
Problem 4. Since the question was asking for a profit, some students thought that the 
operation between the terms (wholesale price and selling price) should be addition only, 
without considering the relationship between these terms in the given algebraic 
expressions. 
To summarize, the analysis of students’ MA papers revealed that students have 
difficulty in understanding and interpreting problems with a real-life context, using 
correct units in equations, calculating percentages, and reading data from a table. They 
generally tend to use the numbers in a problem in order to obtain a result without really 
comprehending the problem and developing a strategy to solve it.  
Research Question 3 
The third research question asked about how students perceive their problem-
solving beliefs and their teachers’ mathematics instruction. The researcher analyzed the 
Students Beliefs Questionnaire (SBQ), which had two sub-questionnaires: one with the 
statements about students’ mathematical problem-solving beliefs and the other with the 
statements about students’ mathematics instructions. The analyses were grouped into 
three categories.  
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In the first category, the researcher analyzed each statement about students’ 
mathematical problem-solving beliefs and created frequency tables showing the 
agreement levels of students. The researcher presented this data by grouping the students 
considering their schools because the school type was the main difference among the 
students. The analysis showed that students in public and private schools had different 
tendencies for some statements.  
Most students did not see themselves as strong problem solvers, although private 
school students held more positive beliefs in themselves compared to the ones in public 
school. Coherently, students agreed that they were challenged by mathematics problems 
that they cannot immediately solve. They also indicated their unwillingness to solve 
difficult problems. Although students did not show any clear tendency for the statement, 
“It makes me nervous to think about having to solve difficult mathematics problems,” 
many students stated that they tend to stick with a problem until they solved it, and they 
like to try new approaches. More than half of the students showed positive beliefs about 
not giving up right away when solving a problem. Similarly, more than half of the 
students indicated that they were open to making mistakes when solving problems. For 
the statements about enjoying doing mathematics or considering mathematics as a fun 
activity, students generally tended to stay neutral. More than half of the students 
disagreed that mathematics problems are like games rather than hard work. While only 
one fifth of the private school students agreed that most mathematics problems are 
frustrating, half of the public school students agreed or strongly agreed with it. Student 
responses were neither positive nor negative about discovering the solution to a new type 
of problem or about the need to learn rules in mathematics classes making it difficult to 
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learn problem solving. Half of the private school students disagreed that mathematics 
problems make them feel like they are lost in numbers and cannot find their way out, 
while the majority of the public school students tended to agree with it. Private and public 
school students showed opposite tendencies for their choice of learning how to solve a 
difficult problem from someone instead of working it out on their own. More than half of 
private school students disagreed or strongly disagreed with it, while almost 43% of 
public school students agreed or strongly agreed with it. The majority of private school 
students agreed or strongly agreed that they were capable of clearly describing their 
solution methods, while public school students mainly stayed neutral.  
Almost half of the students stated that they find it hard to concentrate on 
mathematics problems for a very long period of time. On the other hand, private school 
students disagreed that most non-simple mathematics problems take too long to solve, 
while public school students tended to agree. Also, most of the private school students 
agreed that they could solve most math problems with sufficient time, while only half of 
the public school students agreed with the statement. Students generally had neutral 
beliefs towards the statements about problems with real-life contexts.  
For the second category (comparison of teachers’ and students’ answers for the 
statements about mathematics instruction) and the third category (comparison of 
teachers’ and students’ belief questionnaire and mathematics activity scores), it is crucial 
to note that no direct relationship can be drawn statistically between teachers’ and 
students’ problem-solving beliefs and skills. Education is not a linear line from teacher to 
student. Many factors affect the teaching and learning processes. So the purpose was not 
to draw a relationship between teachers and students. By giving comparative tables, the 
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researcher tried to gain insight about teaching methods, and about how teachers and 
students separately view what is happening in the classroom. Curriculum coherence, 
assessment methods like the Regents, classroom size, being an English language learner, 
socioeconomic status, and parents’ education are some of the many factors that affect the 
development of individuals’ problem-solving beliefs and skills. 
In the second category, the analysis showed that teachers and their students 
generally showed similar agreement levels for the statements about checking their 
answers to see if the answers make sense, using different representatives to improve 
problem-solving skills, and encouraging different ways to solve the same problem. Four 
teachers and their students had conflicting beliefs about whether seeing problem solutions 
is better than discovering them on one’s own. No significant coherence was found for 
other statements about mathematics instruction, such as giving the correct answers for all 
problems students work, encouraging students to think of a similar problem, using trial-
and-error procedures, solving problems with real-life contexts, and providing students a 
step-by-step plan to follow in order to solve problems. 
In the third category, the analysis showed that students generally received lower 
scores in belief questionnaires and mathematics activities than their teachers. For the 
statements about one’s problem-solving beliefs, students received lower scores than their 
teachers. On the other hand, the students of Andy, Betty, and Christina received closer 
scores for the statements about mathematics instruction in the beliefs questionnaires. The 
comparison between public school and private school students’ mean scores for the 
statements about their problem-solving beliefs showed that the students at the public 
school had slightly lower mean scores, while public and private school students had 
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similar mean scores for the statements about their perspectives on their mathematics 
instruction.  
Students generally received much lower MA scores than their teachers’ scores. 
Only Maya’s students received similar scores to Maya’s score. A possible cause for this 
unusual result could be that Maya could not finish the MA on time due to the length of 
the problems. Her students might have had the same issue. The students at the private 
school received slightly higher MA mean scores compared to their counterparts at the 
public school. The reason for this result might be teachers’ enhanced educational and 
professional background and work environment, since these factors can affect teacher 
problem-solving beliefs and skills.  
Recommendations 
           The researcher now offers recommendations based on the literature reviewed and 
the study’s findings, analysis, and conclusions. 
           The limitations of this study highlighted some areas that might have been 
conducted differently. First, developing a skill is not a linear process from one point to 
another. Many factors affect teaching and learning processes such as the socioeconomic 
status, the neighborhood and surrounding of the learning environment, parents’ 
educational level, instruction and assessment approaches. Thus, results of this study 
related to one’s problem-solving beliefs and skills cannot be generalized.  
 Data collection periods varied at each school and previous experiences were also 
neglected, especially for student participants. Therefore, the time frame for the data 
collection could have been scheduled more strictly to avoid unfairness in comparing the 
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results of the students at different schools. Second, more data about students’ 
demographics and their past learning experiences could have been collected to provide 
deeper understanding of their current problem-solving beliefs and skills. Third, unequal 
numbers of students per teacher participated since the study was based on voluntary 
participation. An equal and larger number of students per teacher, at least 15 – 20, might 
have depicted a bigger and more meaningful picture.   
This study emphasized several factors for educators to consider promoting and 
implementing in their schools and classrooms. First, principals and department chairs 
might give more freedom for teachers to choose their instructional methods, as 
emphasized by the private school teachers in this study. Here, it is important to note that 
more details and greater understanding of what these teachers meant by “freedom” and 
are necessary. Second, diverse professional development activities could be provided for 
teachers to improve their skills and pedagogical content knowledge. Teachers should be 
supported to follow academic world. Professional development activities specifically 
related to problem solving might be prepared and promoted. Some teachers in this study 
were more familiar with the academic background of problem solving, for example, with 
Polya’s heuristics and problem-solving steps. Educating teachers more in such areas 
might help students to overcome their lack of ability in understanding the mathematics 
problems, developing strategies and making plans to solve them, especially the ones with 
real-life contexts.  
When considering the potential impact of the results of this study, the limitations 
lead to suggestions for further study. The results of this study only valid for these 
particular public and private high schools. Ideally, it would be beneficial if the research 
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was done with more teachers from different schools so that greater demographic diversity 
would have been included. Potential studies might start at the beginning of the school 
year by applying beliefs questionnaires as pre and post-tests in a given amount of time 
and observing mathematics instructions to crosscheck whether teachers’ and students’ 
beliefs about instructional statements are coherent. Furthermore, interviews with students 
who obtained the highest and the lowest scores from the questionnaires might give more 
insight about the reasons behind these scores. Classroom observations for a sufficient 
amount of time could have shown how well teachers evaluate their teaching strategies 
and approaches, and how well students perceive these instructional approaches.  
Also, how each school applies mathematics curriculum varies widely. Thus, 
collecting data about how schools convey curriculum to their students might provide 
detailed results which can also help us to comprehend what “freedom” means for 
mathematics departments and administrations.  
It would also be interesting to see if this type of study, when conducted with 
teachers from the same graduate school, would eventually reveal more about 
differentiation based on professional development activities and course choices during 
the initial education. 
           The focus area of PISA 2021 will be mathematics, which means that the test items 
will be released, and the teacher questionnaire items will be prepared especially for 
mathematics teachers. A similar study might profitably be achieved by using PISA’s data 
collection instruments to obtain a deeper understanding of students’ problem-solving 
approaches and mathematical misconceptions.  
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 Moreover, the PISA mathematics problems chosen for this study affected the 
results in terms of especially seeing how students approached particular mathematics 
contents and what students’ common misconceptions were. Different choices of PISA 
items might provide details about students’ common approaches, misunderstandings, 
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Appendix A: The Background/Opinion Questionnaire Protocol 
 
Dear Teacher,  
My name is Seyma Pekgoz. I am a doctoral student in mathematics education at Teachers 
College, Columbia University.  
You have been invited to participate in a quantitative study which will examine the 
relationship between mathematics teachers’ backgrounds, beliefs, and skills about real-
life problem-solving, as well as their influence on students’ beliefs and skills.  
This study contains a questionnaire designed to gather your background information, 
initial education, professional development, teaching practices, and ideas about problem 
solving and the Programme for International Student Assessment (PISA). 
Participation in completing this questionnaire is voluntary. The completion of this 
questionnaire should take you approximately 20 minutes. Most of the questions require 
you to circle the appropriate answer; a few ask you to provide more detail.  
Please be assured that your responses will be kept absolutely confidential and will not be 
shared with any other parties. To ensure confidentiality, your identity will be coded. At 
any time during the study, you have the right to withdraw from parts of the study or the 
entire study. Please respond to the questions as openly and honestly as you can.  
Thank you for your consideration.  
Sincerely,  






Appendix B: The Background/Opinion Questionnaire 
 
First Name/ Last Name:       
School Name: 
 
As you complete the questionnaire, please keep in mind the following definition: 
 
Problem-solving means: 
• “developing a deep understanding of concepts and methods by the trying of 
problematic tasks where the mathematics to be learned is embedded” (NCTM, 
2000, p. 270). 
 
• “student performance on mathematical tasks where the solution or goal is not 
immediately attainable and there is no obvious algorithm for the student to 











Background Information  
 
1. What is your gender? 
a. Female  b.   Male  c.   Other 
2. How old are you? _____ 
3. Please specify your ethnicity: 
a. White 
b. Hispanic or Latin 
c. Black or African 
American 
d. Native American or American 
Indian 
e. Asian  
f. Other 
4. How many years have you taught mathematics at a school?  
5.   What grade do you currently teach? (Circle all that apply) 9 10 11 12  
6.   What other grades have you taught, if any? (Circle all that apply) 
   5 6 7 8 9 10 11 12 Other _____ 
7.   How many hours per week do you teach mathematics? _____ 
 
Your Initial Education and Professional Development 
 
8. What is the highest degree you have earned? What is it about? If you have a graduate 
degree, please indicate what your bachelor degree is about. 
a. Bachelor degree: ____________________ 
b. Master’s degree: _____________________ 
c. Doctoral degree: _____________________ 
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9. Are you certified to teach mathematics? 
a. Yes    b.   No 
10. How did you receive your teaching qualifications?  
a. I attended a mathematics teacher education program (bachelor degree) 
b. I attended a teacher certification program in a graduate school (mathematics in 
bachelor program + teacher certification in masters program) 
c. Other 
11. Approximately what percentage of your teacher education program was dedicated to 
each of the following areas? 
a. Mathematics and technology content matter: ______% 
b. Teaching and learning school mathematics (teaching methodology related to 
school mathematics, instructional skills, student misconceptions): ______% 
c. General topics in education (e.g., teacher-student interaction, classroom 
management, school evaluation, special education): ______% 
d. Other topics ______% 
12. In any of the areas given in question 10, did you take a course specifically about 
problem solving skills?  
a. If yes, please give detail about what you have learnt.  
b. If no, please describe whether problem-solving was covered in any other courses 
(if so, in which course) and please give detail. 
13. At your school, are you required to take part in professional development activities?  




14. Did you participate in any of the following activities? (Please select one response in 
each row.) 
 Yes No  
Qualification Program (e.g., Degree Program)   
Participation in a network of teachers formed specifically for 











Mentoring and/or peer observation and coaching, as part of a 





Reading professional literature (e.g., journals, evidence-based 





Engaging in informal dialogue with your colleagues on how to 






15. Were any of the activities given above specifically related to problem solving?  
a. Yes  b. No 













Mathematics Teaching Practices 
16. How often is your instruction’s primary focus to develop students’ problem solving 
ability in mathematics?  
a. Never  
b. Once a month  
c. Once every two weeks  
d. Once a week  
e. A few times a week  
f. Daily  
17. I make enough time for problem solving in my mathematics instruction.  
 a. True   b. False  
18. If you responded “false” to question 16, what are the obstacles that prevent you from 
including sufficient problem solving in your mathematics instruction?  
 
 
19. If you responded “true” to question 16, what are the factors that enable you to include 








20. Below is a list of features of mathematics instruction. Check the relevant statement 
that indicates how often you use that particular approach in your mathematics 
classrooms.  










A Students work in small groups 
or with a partner.  
    
B Students use manipulatives to 
solve the problem. (3-D 
objects, calculators, etc.) 
    
C Students explain how they 
solved the problem.  
    
D Students defend the reasoning 
behind their solution.  
    
E Teacher asks for different ways 
to solve the same problem.  
    
F Teacher poses problems that 
have more than one correct 
solution.  
    
G Teacher poses problems for 
which the students do not have 
a solution method in advance.  
    
H Teacher models how to solve a 
problem and then has students 
solve similarproblems.  
    
I Students work on problems that 
are not word problems.  
    














K Teacher expects students to 
figure out how to solve 
problems.  
    
L The problem posed has a real 
world context.  
    
M The problem posed is 
challenging to students.  
    
 
21. From the features given in question 19, please identify the three most important 
features of problem solving instruction, and order them from most important to least 
important. (Write the letters of the features.) 
1.    2.    3. 
Questions about Education and PISA 
22. How often do you follow stories in the newspaper, radio, TV, and online websites 
about what is happening in education in your country?  
a. Never   b.   Rarely  c.   Sometimes  d.   Often  
 
23. At the end of 2016, news organizations covered the results of international 
standardized math and science tests (TIMSS and/or PISA). How closely did you 
follow the news stories about these tests? 
a. Not at all   
b. Not too closely  
c. Somewhat closely  
d. Very closely 
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24. On standardized tests of mathematics knowledge, do average American 15-year-olds 









25. In the U.S., students regularly participate in international comparisons tests. In your 
opinion, how important is it that your country perform well on these tests compared 
to other countries? 
a. Very important  
b. Somewhat important 
c. Not so important 








In the questions below, please indicate your level of agreement with each of the 
following statements about the PISA international comparison tests. 














26.  International 
comparison tests 





     
27.  International 
comparison tests 
are critical to 
helping improve 
education in this 
country. 
     







reading in the 
coming years. 
     
 
29. We are interested in your thoughts on the issues we raised in this survey. Please add 





Appendix C: The Teacher Beliefs Questionnaire Protocol 
 
Dear Teacher,  
My name is Seyma Pekgoz. I am a doctoral student in mathematics education at 
Teachers College, Columbia University.  
You have been invited to participate in a quantitative study which will examine the 
relationship between mathematics teachers’ backgrounds, beliefs, and skills about real-
life problem-solving, as well as their influence on students’ beliefs and skills.  
The study contains a questionnaire designed to assess your beliefs about and use of 
problem solving in your mathematics instruction. 
Participation in completing this questionnaire is voluntary. The completion of this 
questionnaire should take you approximately 10 minutes. All questions require you to 
put a check mark on the appropriate answer.  
Please be assured that your responses will be kept absolutely confidential and will not be 
shared with any other parties. To ensure confidentiality, your identity will be coded. At 
any time during the study, you have the right to withdraw from parts of the study or the 
entire study. Please respond to the questions as openly and honestly as you can.  
Thank you for your consideration. 
Sincerely,  






Appendix D: The Teachers’ Beliefs Questionnaire 
 
 
First Name/ Last Name:       
School Name: 
 
As you complete the questionnaire, please keep in mind the following definition: 
 
Problem-solving means: 
• “developing a deep understanding of concepts and methods by the trying of 
problematic tasks where the mathematics to be learned is embedded” (NCTM, 
2000, p. 270). 
 
• “student performance on mathematical tasks where the solution or goal is not 
immediately attainable and there is no obvious algorithm for the student to 









A. For the following questions, put a check mark that corresponds to how 
strongly you agree with the following statement about yourself. 
  Strongly 
Disagree 
Disagree  Neutral  Agree  Strongly 
Agree 
1 I am a strong problem 
solver in mathematics. 
     
2 I am challenged by 
mathematics problems 
that I cannot immediately 
solve. 
     
3 I like to try new 
approaches to a problem 
that I couldn’t solve.  
     
 
4 I do not mind making a 
mistake when solving a 
mathematics problem. 
     
5 Mathematics problems are 
something that I enjoy a 
great deal. 
     
6 Most mathematics 
problems are frustrating. 
     
7 I like to solve 
mathematics problems 
related to real-life. 
     
8 Most mathematics 
problems, other than the 
simplest types, take too 
long to solve. 
     
 
9 With sufficient time I 
believe I could be 
successful at solving most 
mathematics problems. 









Disagree  Neutral  Agree  Strongly 
Agree 
10 I tend to think of 
mathematics problems as 
being more like games 
than hard work. 
     
11 I would rather have 
someone tell me how to 
solve a difficult problem 
than have to work it out 
for myself. 
     
12 I am capable of clearly 
describing my solution 
method. 
     
13 If I cannot solve a 
problem right away, I like 
to stick with it until I have 
it solved. 
     
14 Mathematics problems, 
generally, are very 
interesting. 
     
15 The number of rules one 
must learn in mathematics 
make solving problems 
difficult. 
     
16 Real-life problems require 
synthesizing mathematics 
knowledge. 
     
17 If I cannot solve a 
problem right away, I tend 
to give up. 
     
 
18 I find it difficult to 
concentrate on 
mathematics problems for 
a very long period of time. 








Disagree  Neutral  Agree  Strongly 
Agree 
19 It makes me nervous to 
think about having to 
solve difficult 
mathematics problems. 
     
20 I do not particularly like 
doing difficult 
mathematics problems. 
     
21 Trying to discover the 
solution to a new type of 
mathematics problems is 
an exciting experience. 
     
22 Mathematics problems 
make me feel as though I 
am lost in a jungle of 
numbers and cannot find 
my way out. 
     
 
B. For the following questions, put a check mark that corresponds to how 
strongly you agree with the following statement about mathematics 
instruction. 
  Strongly 
Disagree 
Disagree Neutral Agree Strongly  
Agree 
1 I am effective at teaching 
problem solving in 
mathematics. 
     
2 It is better to tell or show 
students how to solve 
problems than to let them 
discover on their own. 
     
3 I feel a sense of insecurity 
when attempting to conduct 
problem solving instruction. 
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  Strongly 
Disagree 
Disagree Neutral Agree Strongly  
Agree 
4 I am confident in my ability to 
use new ways of teaching 
problem solving in my 
classroom. 
     
5 Students need to be given the 
correct answers to all of the 
problems they work. 
     
6 Hearing different ways to 
solve the same problem 
confuses students. 
     
7 I feel very confident when I 
am discussing problem 
solving in class. 
     
8 I encourage my students to 
check their answers to 
problems to see if the answers 
actually make sense. 
     
9 Using different representatives 
help students to improve their 
problem-solving skills. 
     
10 Students who do not see how 
to solve a problem right away 
should be encouraged to try 
and think of another problem 
like that one. 
     
11 I feel apprehensive in trying 
new ideas to implement 
problem solving in my 
mathematics classroom. 
     
12 Students need a step-by-step 
plan to follow in order to 
solve problems. 
     
13 I like to stress with my 
students that there are often 
many different ways to solve 
the same problem. 





  Strongly 
Disagree 
Disagree Neutral Agree Strongly  
Agree 
14 I encourage my students to use 
trial-and-error procedures 
when solving many 
mathematics problems. 
     
15 I like to encourage my 
students to adopt a stop-and-
think attitude when solving 
problems. 
     
16  I like to use real-life 
mathematics problems in my 
classrooms. 
     
 
C. For the following questions, put a check mark that corresponds to how 
strongly you agree with the following statement about your students. 
  Strongly 
Disagree 
Disagree  Neutral  Agree  Strongly 
Agree 
1 My students are strong 
problem solvers. 
     
2 My students like to try new 
approaches to a problem that 
they couldn’t solve. 
     
3 My students tend to struggle 
when given a problem-solving 
task. 
     
4 My students are capable of 
clearly describing their 
solution method. 
     
5 My students give up quickly 
when working on a problem-
solving task. 







Appendix E: The Students’ Beliefs Questionnaire Protocol 
 
Dear Student,  
My name is Seyma Pekgoz. I am a doctoral student in mathematics education at Teachers 
College, Columbia University.  
You have been invited to participate in a quantitative study which will examine the 
relationship between mathematics teachers’ backgrounds, beliefs, and skills about real-
life problem-solving, as well as their influence on students’ beliefs and skills.  
This study contains a questionnaire designed to assess your beliefs about and use of 
problem solving in your mathematics classroom. 
Participation in completing this questionnaire is voluntary. The completion of this 
questionnaire should take you approximately 10 minutes. All questions require you to put 
a check mark on the appropriate answer.  
Please be assured that your responses will be kept absolutely confidential and will not be 
shared with any other parties. To ensure confidentiality, your identity will be coded. At 
any time during the study, you have the right to withdraw from parts of the study or the 
entire study. Please respond to the questions as openly and honestly as you can.  
Thank you for your consideration.  
Sincerely,  





Appendix F: The Students’ Beliefs Questionnaire 
 
First Name/ Last Name:       
School Name: 
Grade: 
Mathematics Teacher’s First and Last Name: 
Please specify your ethnicity: 
 a. White 
 b. Hispanic or Latin 
 c. Black or African American 
d. Native American or American Indian 
e. Asian  
f. Other 
 
As you complete the questionnaire, please keep in mind the following definition: 
 
Problem-solving means: 
• “developing a deep understanding of concepts and methods by trying 
problematic tasks where the mathematics to be learned is embedded” (NCTM, 
2000, p. 270). 
• “student performance on mathematical tasks where the solution or goal is not 
immediately attainable and there is no obvious algorithm for the student to 





A. For the following questions, put a check mark that corresponds to how 
strongly you agree with the following statement about yourself. 
  Strongly 
Disagree 
Disagree  Neutral  Agree  Strongly 
Agree 
1 I am a strong problem 
solver in mathematics. 
     
2 I am challenged by 
mathematics problems 
that I cannot immediately 
solve. 
     
3 I like to try new 
approaches to a problem 
that I couldn’t solve.  
     
 
4 I do not mind making a 
mistake when solving a 
mathematics problem. 
     
5 Mathematics problems are 
something that I enjoy a 
great deal. 
     
6 Most mathematics 
problems are frustrating. 
     
7 I like to solve 
mathematics problems 
related to real-life. 
     
8 Most mathematics 
problems, other than the 
simplest types, take too 
long to solve. 
     
 
9 With sufficient time I 
believe I could be 
successful at solving most 
mathematics problems. 










Disagree  Neutral  Agree  Strongly 
Agree 
10 I tend to think of 
mathematics problems as 
being more like games 
than hard work. 
     
11 I would rather have 
someone tell me how to 
solve a difficult problem 
than have to work it out 
for myself. 
     
12 I am capable of clearly 
describing my solution 
method. 
     
13 If I cannot solve a 
problem right away, I like 
to stick with it until I have 
it solved. 
     
14 Mathematics problems, 
generally, are very 
interesting. 
     
15 The number of rules one 
must learn in mathematics 
make solving problems 
difficult. 
     
16 Real-life problems require 
synthesizing mathematics 
knowledge. 
     
17 If I cannot solve a 
problem right away, I tend 
to give up. 
     
 
18 I find it difficult to 
concentrate on 
mathematics problems for 
a very long period of time. 









Disagree  Neutral  Agree  Strongly 
Agree 
19 It makes me nervous to 
think about having to 
solve difficult 
mathematics problems. 
     
20 I do not particularly like 
doing difficult 
mathematics problems. 
     
21 Trying to discover the 
solution to a new type of 
mathematics problems is 
an exciting experience. 
     
22 Mathematics problems 
make me feel as though I 
am lost in a jungle of 
numbers and cannot find 
my way out. 
     
 
B. For the following questions, put a check mark that corresponds to how 
strongly you agree with the following statement about mathematics 
instruction. 
  Strongly 
Disagree 
Disagree Neutral Agree Strongly  
Agree 
1 It is better for me to see how 
to solve problems than to let 
me discover it on my own. 
     
2 My teacher emphasizes that 
there are often many 
different ways to solve the 
same problem. 
     
3 My teacher encourages me to 
check my answers to 
problems to see if the 
answers actually make sense. 
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  Strongly 
Disagree 
Disagree Neutral Agree Strongly  
Agree 
4 I need to be given the correct 
answers to all of the 
problems I work. 
     
5 Using different 
representatives help me to 
improve my problem-solving 
skills. 
     
6 My teacher encourages me to 
use trial-and-error 
procedures when solving 
many mathematics problems. 
     
7 I need a step-by-step plan to 
follow in order to solve 
problems. 
     
8 I like to solve mathematics 
problems related to real-life 
situations in my math class. 
     
9 My teacher encourages me to 
try and think of a similar 
problem if I cannot see how 
to solve the given problem. 
     
10 Hearing different ways to 
solve the same problem 
confuses me. 
     
11  My teacher encourages me to 
adopt a stop-and-think 
attitude when solving 
problems. 





Appendix G: The Mathematics Activity 
 
First Name/Last Name: 
School Name:  
Grade: 
Mathematics Teacher’s First and Last Name: 
 
My name is Seyma Pekgoz. I am a doctoral student in mathematics education at Teachers 
College, Columbia University. I am interested in learning about the relationship between 
mathematics teachers’ backgrounds, beliefs, and skills on real-life problem-solving, as 
well as their influence on students’ beliefs and skills.  
You have been invited to participate in this study. Attached is a mathematics activity 
designed to assess your mathematical real-life problem-solving skills. The completion of 
this mathematics activity should take approximately 40 minutes. All questions require 
you to solve the given problem and explain your solution, giving details about your 
thinking process. 
Participation in completing the mathematics activity is voluntary. At any time during the 
study, you have the right to withdraw from parts of the study or the entire study.  
Please be assured that your responses will be kept absolutely confidential and will not be 
shared with any other parties. To ensure confidentiality, your identity will be coded. 
Please respond to the questions as openly and honestly as you can. Thank you for your 
consideration.  
Sincerely,  





Problem 1: Garage 
A garage manufacturer’s “basic” range includes models with just one window and one 
door.  
George chooses the following model from the “basic” range. The position of the window 
and the door are shown below as viewed from Point A. 
       
 
Question 1: Draw the illustration of the garage model given above as viewed from the 
back.  



















The roof is made up of two identical rectangular sections. Calculate the total area of the 






















Problem 2: Cable Television 
The table below shows data about household ownership of televisions (TVs) for five 
countries.  
It also shows the percentage of those households that own TVs and also subscribe to 
cable TV.  
 
Question 1: The table shows that in Switzerland, 85.8% of all households own TVs.  
Based on the information in the table, what is the closest estimate of the total number of 


















Question 2: Kevin looks at the information in the table for France and Norway.  
Kevin says: “Because the percentage of all households that own TVs is almost the same 
for both countries, Norway has more households that subscribe to cable TV.”  
Determine whether this statement is correct or incorrect. Explain why. Give a reason for 




















Problem 3: Sailing Ships 
Ninety-five percent of world trade is moved by sea, by 
roughly 50,000 tankers, bulk carriers and container ships. 
Most of these ships use diesel fuel.  
 
Engineers are planning to develop wind power support for ships. Their proposal is to 
attach kite sails to ships and use the wind’s power to help reduce diesel consumption and 
the fuel’s impact on the environment.  
 
Question 1: One advantage of using a kite sail is that it flies at a height of 150 m. There, 
the wind speed is approximately 25% higher than down on the deck of the ship.  
At what approximate speed does the wind blow into a kite sail when a wind speed of 24 























Question 2: Approximately what is the length of the rope for the kite sail, in order to pull 





























Question 3: Due to high diesel fuel costs of 0.42 zeds per liter, the owners of the ship 
NewWave are thinking about equipping their ship with a kite sail.  
It is estimated that a kite sail like this has the potential to reduce diesel consumption by 
about 20% overall.  
 
The cost of equipping the NewWave with a kite sail is 2 500 000 zeds.After about how 
many years would the diesel fuel savings cover the cost of the kite sail? Give calculations 
to support your answer. 
Solution 


















Problem 4: MP3 Player 
        
Question 1: Music City has a sale. When you buy two or more items at the sale, Music 
City takes 20% off the normal selling prices of these items. Jason has 200 zeds to 
spend.At the sale, what can he afford to buy?Circle “Yes” or “No” for each of the 
















Question 2: The normal selling price of the MP3 items includes a profit of 37.5%. The 
price without this profit is called the wholesale price.The profit is calculated as a 
percentage of the wholesale price.  
Do the formulae below show a correct relationship between wholesale price, w, and 
normal selling price, s?  
Circle “Yes” or “No” for each of the following formulae. Explain why you chose “Yes” 






































P 1 Q 1 Student correctly draws 
the illustration of the 
garage model as viewed 
from the point B. 
Student explains correctly but 
cannot draw the figure 
correctly.  
Student gives a wrong 
explanation, shows an 





 Q 2 Student finds the correct 
result by using the 
Pythagorean Theorem. 
Student explains the 
steps. 
Student uses the Pythagorean 
Theorem correctly but makes 
a calculation error or uses 
incorrect length or does not 
double the area.  
Student uses incorrect 
lengths or calculates the 
perimeter instead of the 
area of the roof or 


























P 2 Q 1 Student creates the 
correct ratio and 
calculates the exact 
result or makes an 
educated guess and 
finds an approximate 
result. 
Student creates the correct 
ratio but does not calculate or 
finds the correct result 
without giving any 
explanation.  
Student creates an 
incorrect ratio and finds 
a wrong result or uses 
wrong data from the 





 Q 2 Student gives correct 
answer by calculating 




Student gives correct answer 
with wrong explanation. 
Student gives wrong answer 
because of a calculation 
mistake. 
Student gives wrong 
answer or misreads the 





























Student calculates the 
percentage of the 
given speed, adds it to 
the given speed on the 
deck and finds the 
answer. 
Student calculates the 
percentage of the given speed 
but does not add it to the 
given speed on the deck. May 
include minor calculation 
errors. 
Student calculates the 
percentage of incorrect 







Student uses the 
Pythagorean Theorem 
correctly and finds the 
result. 
Student knows the 
Pythagorean Theorem but 
does not calculate the length 
of the rope. 
Student does not know 
or remember the 
Pythagorean Theorem 









finds the solution.  
Student uses correct strategy, 
explains well but makes a 
calculation mistake or shows 
evidence of misunderstanding. 
Student shows some 





























every option and finds 
the correct answer. 
Student answers correctly but 
explains in a wrong way. Or 
student does mistakes but 
gives correct explanation. 
Student does some 
random calculations 
with no understanding 






Student chooses the 
correct answer for 
each option. 
Student chooses “yes” for the 
right option but has some 
mistakes for other options. 
Student chooses wrong 
answers for all/most 
options.  
No evidence 
of attempting 
the problem 
 
